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The f o r m i d a b l e  mass  o f  a c c u m u l a t e d  d a t a  r e l a t i n g  t o  
t h e  o p t i c a l  r o t a t i o n  o f  camphor and  i t s  d e r i v a t i v e s  s u g g e s t s  
a t  f i r s t  s i g h t  t h a t  t h i s  f i e l d  o f  r e s e a r c h  h a s  a l r e a d y  b e e n  e x ­
h a u s t e d .  C l o s e r  e x a m i n a t i o n ,  h o w e v e r ,  shows t h a t  t h i s  i s
f a r  f ro m  b e i n g  t h e  c a s e ;  on e v e r y  s i d e  s u p p l e m e n t a r y  work i s  
n e c e s s a r y ,  w h i l s t  t h e  f i e l d  i t s e l f  i s  so e x t e n s i v e  t h a t  a  v a s t  
e x p a n s e  o f  f r e s h  g ro u n d  r e m a i n s  t o  be b r o k e n .  The a p p l i c a t i o n
o f  t h e  Crude  e q u a t i o n  by Lowry and  h i s  c o - w o r k e r s  h a s  r e s u l t e d  i n  
v a l u a b l e  a d d i t i o n s  t o  o u r  know ledge  o f  t h e  d i s p e r s i o n  m e a s u r e ­
m e n t s  o f  t h e s e  compounds,  b u t  t e m p e r a t u r e - r o t a t i o n  d a t a  and  t h e  
e f f e c t s  o f  s o l v e n t  a c t i o n  a r e  l a c k i n g  a n d ,  w i t h  camphor  d e r i v a ­
t i v e s  i n  g e n e r a l ,  even  i f  we e x c e p t  t h e  c a s e  o f  camphor i t s e l f ,  
t h e s e  two h i g h l y  i m p o r t a n t  f a c t o r s  i n  r o t a t i o n  h av e  e i t h e r  b e e n  
n e g l e c t e d  a l t o g e t h e r  o r  a c c o r d e d  no more  t h a n  a  p a s s i n g  c o n ­
s i d e r a t i o n .
I t  was  i n  p a r t ,  t h e r e f o r e ,  a t  o n ce  t h e  j u s t i f i c a t i o n  
a n d  a im  i n  commencing t h e  p r e s e n t  w o rk ,  t o  r e p a i r  i n  some m e a s u re  
t h i s  o m i s s i o n  and  t o  p l a c e  on r e c o r d  m e a s u re m e n t s  o f  t h e s e  i n ­
f l u e n c e s  w h i c h ,  a p a r t  f ro m  any r e s u l t i n g  t h e o r y  o r  g e n e r a l i s a ­
t i o n ,  w o u ld  h a v e ,  i p s o  f a c t o ,  a  r e a l  v a l u e .  I n  a d d i t i o n ,
a n d  i n  t h i s  l a y  t h e  c h i e f  i n c e n t i v e  t o  t h e  w o r k ,  i t  was  b e l i e v e d  
t h a t  i n v e s t i g a t i o n  o f  t h e  r o t a t o r y  power o f  camphor  compounds 
c o u l d  s c a r c e l y  f a i l  t o  be  o f  i n t e r e s t  when r e f e r r e d  t o  c h a r a c t e r ­
i s t i c  d i a g r a m s  o f  t h e  t y p e  a l r e a d y  s t u d i e d  by P r o f e s s o r  P a t t e r s o n  
a n d  h i s  c o l l e a g u e s  f o r  compounds o f  a  l e s s  com plex  c h a r a c t e r .
A c c o r d i n g l y ,  i n  a d d i t i o n  t o  camphor i t s e l f ,  c e r t a i n  o f  i t s  s u l ­
p h o n i c  and  h a l o g e n  d e r i v a t i v e s  h a v e  b e e n  s e l e c t e d ,  and  exam ined  
i n  s u c h  d e t a i l  a s  t h e  m e r i t s  o f  e ac h  c a s e  seemed t o  r e q u i r e .
S u c h ,  t h e r e f o r e ,  was t h e  o b j e c t  an d  f i e l d  o f  s t u d y  
an d  I  t a k e  t h i s  o p p o r t u n i t y  o f  e x p r e s s i n g  my s i n c e r e  t h a n k s  t o  
P r o f e s s o r  T. S.  P a t t e r s o n , u n d e r  whose s u p e r v i s i o n  t h e  work  was  
c a r r i e d  o u t ,  f o r  t h e  v e r y  t i m e l y  h e l p  and  e n c o u r a g e m e n t  he  so 
o f t e n  p r o v i d e d .  I  a l s o  d e s i r e  t o  e x p r e s s  my i n d e b t e d n e s s  t o  
t h e  C a r n e g i e  T r u s t e e s  f o r  t h e  t e n u r e  o f  a  R e s e a r c h  S c h o l a r s h i p .
MATERIALS.
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The S u l p h o n i c  D e r i v a t i v e s  o f  Camphor.
CH3
c h 3 g c h 3
I . The S u l p h o n i c  A c i d s .
The s u l p h o n a t i o n  o f  camphor  t a k e s  a  somewhat u n ­
e x p e c t e d  c o u r s e  s i n c e ,  c o n t a i n i n g  a s  i t  d o e s  a  r e a c t i v e  m e t h y l ­
ene  g r o u p ,  i t  m i g h t  he  a n t i c i p a t e d  t h a t  t h e  a c t i o n  o f  t h e  
o r d i n a r y  s u l p h o n a t i n g  a g e n t s  would  g i v e  r i s e  t o  s u b s t i t u t i o n  
a t  t h i s  p o i n t .  C h l o r o s u l p h o n i c  a c i d  and  c o n c e n t r a t e d  s u l ­
p h u r i c  a c i d  p r o d u c e ,  h o w e v e r ,  s u l p h o n a t i o n  i n  one o f  t h e  two 
m e d ia n  m e t h y l  g r o u p s  ( 7 T - s u b s t i t u t i o n ;  K i p p i n g  and  P o p e ,  J . G . S . ,  
1 8 9 3 ,  548> 1 8 9 5 ,  345 j  1 8 9 6 ,  9 1 3 ,  1897 ,  7 ) ,  and  th o u g h  f o r  a
s t e r e o c h e m i c a l  d i s c u s s i o n  i t  w ou ld  be  d e s i r a b l e  t o  s p e c i f y  w h ich  
o f  t h e s e  s t e r e o c h e m i c a l l y  d i s t i n c t  g r o u p s  i s  t h e  a c t u a l  s e a t  o f  
s u b s t i t u t i o n ,  no i n f o r m a t i o n  on t h e  p o i n t  i s  a v a i l a b l e  n o r ,  i n ­
d e e d ,  i s  t h e r e  any  e v i d e n c e  t o  show t h a t  two s e r i e s  o f  j f - s u b ­
s t i t u t i o n  p r o d u c t s  e x i s t .  F u r t h e r ,  s i n c e  t h e  d i r e c t  s u l p h o n a ­
t i o n  o f  camphor by t h e s e  a g e n c i e s  r e s u l t s  i n  r a c e m i s a t i o n  o f  t h e  
p r o d u c t ,  camphor i s  r e p l a c e d  i n  p r a c t i c e  by a - c h l o r o -  o r  a - b ro m o -
cam p h o r ,  w h ic h  can  be  s u l p h o n a t e d  w i t h o u t  r a c e m i s a t i o n .  R e­
d u c t i o n  o f  t h e  h a l o g e n a t e d  p r o d u c t s  so fo rm e d  y i e l d s  t h e  a c t i v e
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c&mphorTT' s u l p h o n i c  a c i d  which  i s  i s o l a t e d  a s  th e  ammonium s a l t .
I n  1898 R e y c h l e r  ( B u l l .  Soo .  Ghim.,  1898 ,  1 9 ,  1 2 0 ) ,  
b y  t r e a t i n g  camphor  w i t h  a m i x t u r e  o f  a c e t i c  a n h y d r i d e  and c o n ­
c e n t r a t e d  s u l p h u r i c  a c i d ,  o b t a i n e d  a c r y s t a l l i n e  s u l p h o n i c  a c i d  
i s o m e r i c  w i t h  t h e  a b o v e ,  and d e s c r i b e d  by him a s  t h e  a  d e r i v a t i v e .  
T h i s ,  h o w e v e r ,  was shown by A rm st rong  and  Lowry ( J . C . B . ,  1902,
I . ,  1449) t o  b e  i n c o r r e c t ,  and a t  p r e s e n t  t h e  b a l a n c e  o f  e v id e n c e  
i s  i n  a c c o r d  w i t h  t h e  vie?/ t h a t  t h e  s u lp h o n i c  g roup  h a s  i n  t h i s  
c a s e  e n t e r e d  t h e  m o le c u le  a t  p o s i t i o n  1 0 , th o u g h  p o s i t i o n  6 i s  
a l s o  a p o s s i b i l i t y .  (Wedekind,  Schenk und S t & s s e r ,  B e r . ,  1923,  
56, 6 3 3 -6 4 9 ;  B u r g e s s  and Lowry, J . C . S . ,  1925,  1 2 7 , 2 7 1 .
S u l p h o n a t i o n  i n  t h e  a p o s i t i o n  h a s  b ee n  e f f e c t e d  i n  
two w ays ,  (1 )  by  t h e  a c t i o n  o f  R e y o h l e r ’ s s u l p h o n a t i n g  m i x t u r e  
on (3-bromo camphor ,  t h e  b r o m in e  atom a p p e a r i n g  t o  b l o c k  t h e  10 
p o s i t i o n  a g a i n s t  s u b s t i t u t i o n  ( B u r g e s s  and Lowry, J . C . S . ,  1925,  
2 7 1 ) ,  and (2 )  by  t h e  d i r e c t  a c t i o n  o f  m e th y l  c h l o r o s u l p h o n a t e  on 
camphor  ( ii’r&re  j a c q u e ,  G . r . ,  1926,  1 8 3 , 6 0 7 ) .
• T h i s  l a s t  o b s e r v a t i o n  g i v e s  r i s e  to  an  i n t e r e s t i n g  
s p e c u l a t i o n ,  v i z . ,  - i s  t h e  abnorm al  c o u r s e  p u r s u e d  i n  oamphor 
s u l p h o n a t i o n  p r o c e s s e s  due t o  t h e  p r e s e n c e  o f  a s t r o n g l y  a c i d i c  
h y d r o x y l  g r o u p i n g  i n  t h e  r e a c t i n g  s y s te m ?  Added i n t e r e s t  i s  
l e n t  t o  t h i s  q u e s t i o n  i n  t h a t ,  a s  w i l l  be shov/n l a t e r ,  i t  i s  
p r e c i s e l y  i n  p r e s e n c e  o f  h y d ro x y  compounds o f  t h i s  n a t u r e  t h a t  
t h e  o p t i c a l  r o t a t i o n  o f  camphor i s  most  s t r o n g l y  a f f e c t e d .  The 
a c t i o n  o f  s u l p h u r i c  a c i d  and c h l o r o s u l p h o n i c  a c i d  on camphor
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w ould  o b v i o u s l y  a g r e e  w i t h  t h i s  v iew ,  w h i l s t ,  f rom t h e  r e s a l t s  
o b t a i n e d  b y  P e s k i  ( R e c .  t r a v .  Ghim .,  1921 ,  40, 1 0 3 ) ,  who p r e ­
p a r e d  s a l t s  o f  a c e t y l  s a l p h a r i c  a c i d  from m i x t u r e s  o f  a c e t i c  an ­
h y d r i d e  and s u l p h u r i c  a c i d  and showed t h a t  s u ch  a m i x t u r e  c o u ld  
s u l p h o n a t e  b e n z e n e ,  i t  i s  e q u a l l y  o b v io u s  t h a t  a c e t y l  s u l p h u r i c  
a c i d  -  a g a i n  c o n t a i n i n g  t h e  a c i d i c  -OH g r o u p in g  - i s  t h e  a c t i v e  
a g e n t  i n  t h e  f o r m a t i o n  o f  R e y c h l e r * s  a c i d .
To t e s t  t h i s  h y p o t h e s i s ,  t h e  a c t i o n  o f  b ro m in e  on
camphor  i n  a c i d  s o l u t i o n  was examined  i n  t h e  hope o f  i s o l a t i n g
ir-  o r  (i-  s u b s t i t u t e d  p r o d u o t s .  The r e a c t i o n  i n  s u l p h u r i c  a c i d  
p r o c e e d e d  o n l y  v e r y  s l o w l y ,  i f  a t  a l l ,  a t  o r d i n a r y  t e m p e r a t u r e s ,  
and s i n c e  a p p l i c a t i o n  o f  h e a t  p r o d u c e s  d i s r u p t i o n  o f  t h e  camphor  
m o l e c u l e ,  t h i s  a t t e m p t  had to  be a b a n d o n ed .  I n  g l a c i a l  p h o s ­
p h o r i c  a c i d  a t  room t e m p e r a t u r e  no r e a c t i o n  c o u l d  be o b s e r v e d ,  
w h i l s t  on h e a t i n g ,  t h e  r e a c t i n g  m i x t u r e  s e p a r a t e d  i n t o  two l a y e r s ,  
t h e  u p p e r  o f  w h ich  c o n s i s t e d  o f  b ro m in e  and cam phor  w h ich  h ad  t h u s  
b e e n  removed f ro m  th e  a c i d i c  i n f l u e n c e  and was b r o m i n a t e d  i n  t h e  
o r d i n a r y  way,  v i a  t h e  a d d i t i v e  compound w i t h  b r o m i n e ,  t o  a  
b r o m i n a t e d  p r o d u c t s .  B r o m i n a t i o n  i n  warm a c e t i c  a c i d  -  a  weak 
a c i d  o f  t h e  t y p e  i n  q u e s t i o n  -  and i n  m i x t u r e s  o f  a c e t i c  and s u l ­
p h u r i c  a c i d s  a t  80 -  90°G. g av e  p r o d u c t s  from w h ic h  o n ly  a - s u b ­
s t i t u t e d  d e r i v a t i v e s  c o u l d  be i s o l a t e d .
I t  w i l l  be n o t i c e d ,  how ever ,  t h a t  i n  t h e s e  e x p e r i ­
m e n t s ,  t h e  a c i d i c  h y d r o x y l  g ro u p  i 3 n o t  c o n t a i n e d  i n  t h e  a c t u a l
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s u b s t i t u t i n g  a g e n t ,  so  t h a t  t h e  n e g a t i v e  r e s u l t s  o b t a i n e d  o n l y  
e l i m i n a t e  t h e  e x e r t i o n  o f  a  d i r e c t i v e  i n f l u e n c e  by t h e  a c i d s  
i n v o l v e d  when t h e s e  p l a y  a  p u r e l y  s o l v e n t  r o l e .  The p o i n t  
i s  f u r t h e r  i l l u s t r a t e d  by t h e  f a c t  t h a t  t h e  h a l o g e n a t i o n  o f  
c am p h o r ,  when c a r r i e d  o u t  by means o f  h y p o c h l o r o u s  o r  hypobromous  
a c i d ,  l e a d s  t o  h a l o g e n a t e d  camphors  c h e m i c a l l y  d i s t i n c t  f ro m  t h e  
a - s u b s t i t u t e d  d e r i v a t i v e s  (W h ee le r ,  A n n . ,  1 8 6 8 ,  1 4 6 . 73 :  
C a z e n e u v e ,  B u l l .  Soc .  C h i m . , [ 3 J ,  2 ,  7 1 3 ) .  U n f o r t u n a t e l y , 
w hen ,  a s  a  f i n a l  t e s t  o f  t h e  h y p o t h e s i s ,  camphor  was t r e a t e d  w i t h  
a  m i x t u r e  o f  a c e t i c  a n h y d r i d e  and  w a t e r - f r e e  n i t r i c  a c i d  [ f o r m i n g  
d i a c e t y l  o r t h o n i t r i c  a c i d ,  (CH3C O ( O H ) 3 -  B e r . , 1902 ,  2 5 2 6 J ,  
no  a c t i o n  o c c u r r e d  a t  o r d i n a r y  t e m p e r a t u r e s ,  w h i l s t  t e t r a n i t r o -  
m e th a n e  -  t h e  u s u a l  p r o d u c t  f rom  h e a t i n g  t h e  n i t r a t i n g  m i x t u r e  -  
w as  fo rm e d  w i t h  g r e a t  v i o l e n c e  when t h e  t e m p e r a t u r e  was r a i s e d .
So f a r ,  t h e r e f o r e ,  i t  h a s  n o t  b e en  f o u n d  p o s s i b l e  t o  
a d v a n c e  any  new p o s i t i v e  e v i d e n c e  i n  s u p p o r t  o f  t h e  h y p o t h e s i s  
s u g g e s t e d  by e x a m i n a t i o n  o f  t h e  l i t e r a t u r e  b u t  t h e  f a c t s  o f  t h e  
c a s e  a r e ,  t h e m s e l v e s ,  s u f f i c i e n t l y  s t r i k i n g  t o  d e s e r v e  n o t i c e .
F o r  t h e  p u r p o s e  o f  e x a m in in g  t h e i r  o p t i c a l  a o t i v i t y ,  
t h e  camphor s u l p h o n i c  a c i d s  o r  t h e i r  s a l t s  w e re  p r e p a r e d  by t h e  
m e th o d s  d e s c r i b e d  by R e y c h l e r  ( l o c .  c i t . ) ,  A rm s t ro n g  an d  Lowry 
( l o c .  c i t . )  an d  by K i p p i n g  an d  Pope ( l o c .  c i t . i .  U n s u c c e s s f u l
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a t t e m p t s  w ere  a l s o  made to  p r e p a r e  h a l o g e n a t e d  c a m p h o r - 10 - s u l p h o n i c  
d e r i v a t i v e s  b y  d i r e c t  c h l o r i n a t i o n  o r  b r o m i n a t i o n  o f  t h e  p a r e n t  
a c i d ,  t h e  s u l p h o n y l  c h l o r i d e  and t h e  m e th y l  e s t e r .  The p r e s e n c e
o f  t h e  s u l p h o n i c  g r o u p  i n  t h e  m o l e c u l e  would t h e r e f o r e  a p p e a r  t o  
r e t a r d  h a l o g e n a t i o n ,  t h o u g h ,  a s  Lapw or th  has  shown ( J . C . 3 . ,  1899 ,  
5 5 8 ) ,  a  s e co n d  h a l o g e n  atom may b e  i n t r o d u c e d  i n t o  ammonium -pc- 
b r o m o c a m p h o r - r T - s u l p h o n a t e  p r e p a r e d  by  s u l p h o n a t i n g  a - b r o m o -  
camphor ( K i p p in g  and P ope ,  l o c .  c i t . ) .
I I . The S u lp h o n y l  C h l o r i d e s  and Amides.
These  were  p r e p a r e d  b y  t h e  m e thods  c o n t a i n e d  i n  t h e  
r e f e r e n c e s  a l r e a d y  q u o te d  u n d e r  ! •  Camphor-1 0 - s u l p h o n y l  c h l o r i d e ,  
h o w e v e r ,  i s  o b t a i n e d  i n  b e t t e r  y i e l d  by  t h e  a c t i o n  o f  t h i o n y l  
c h l o r i d e  ( S m i l e s  and H i l d i t o h ,  J . C . 3 . ,  1907,  522) t h a n  by means 
o f  p h o s p h o r u s  p e n t a c h l o r i d e  ( R e y c h l e r ,  l o c .  c i t . ) .  A t t e m p t s
w ere  made t o  p r e p a r e  £ -b ro m o c a m p h o r -T T -su lp h o n y l  c h l o r i d e  by 
d i r e c t  a c t i o n  o f  e x c e s s  c h l o r o s u l p h o n i o  a c i d  on g - b ro m o c a m p h o r
( 1 ) a l o n e ,  ( 2 ) i n  c h l o r o f o r m  s o l u t i o n ,  b u t  i n  each  c a s e  so  much 
c h a r r i n g  o f  t h e  m a t e r i a l s  r e s u l t e d ,  t h a t  t h e  i s o l a t i o n  o f  t h e  
d e s i r e d  p r o d u c t  was r e n d e r e d  d i f f i c u l t  and was n o t  e f f e c t e d .
A l l  a t t e m p t s  t o  p u r i f y  c a m p h o r - 1 0 - s u lp h o n a m id e  
p r o d u c e d ,  i n  p a r t ,  f o r m a t i o n  o f  t h e  su lp h o n a n h y d ra m id e  t h r o u g h  
e l i m i n a t i o n  o f  w a t e r  f rom t h e  oxygen  o f  t h e  k e t o  g r o u p  and  t h e  
tv/o h y d r o g e n  a to m s  a t t a c h e d  to  n i t r o g e n  ( C f .  Graham, J . C . 3 . ,  1912 ,  
246) , so t h a t  i t  was d e c i d e d  t o  o m i t  t h i s  s u lp h o n a m id e  from t h e  
l i s t  o f  compounds s t u d i e d .
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I I I . The Sulphonic asters*
The e s t e r i f i o a t i o n  o f  s u lp h o n i c  a c i d s  h a s  b e e n  th e  
s u b j e c t  o f  a  number  o f  i s o l a t e d  p a p e r s  d i s p e r s e d  t h r o u g h o u t  th e  
l i t e r a t u r e  o f  t h e  p a s t  t h i r t y  y e a r s .  A t t e n t i o n  h a s  b e e n  
f o c u s s e d  a lm o s t  e n t i r e l y  on t h e  s u l p h o n i c  d e r i v a t i v e s  o f  a r o m a t i c  
compounds,  and i t  i s  o f  i n t e r e s t ,  t h e r e f o r e ,  to  t r a c e  t h e  p a r a l l e l ­
ism w hich  e x i s t s  b e tw een  a r o m a t i c  d e r i v a t i v e s  on th e  one hand and 
t h e  a l i p h a t i c  o r  h y d r o - a r o m a t i c  s u l p h o n i c  a c i d s  o f  t h e  camphor 
s e r i e s  on  th e  o t h e r .  T h i s  p a r a l l e l i s m  was r e v e a l e d  i n c i d e n t a l l y  
r a t h e r  t h a n  i n t e n t i o n a l l y  i n  p u r s u i n g  t h e  p r e s e n t  r e s e a r c h ,  and 
emerged f rom  t h e  d i f f i c u l t i e s  e x p e r i e n c e d  i n  o b t a i n i n g  good y i e l d s  
o f  p u r e  p r o d u c t s .  M o reo v e r ,  i t s  e x i s t e n c e  c o u l d  s c a r c e l y  h a v e  
b e e n  p r e d i c t e d  w i t h  s a f e t y ,  n o r  i s  i t  i n d e e d  c o m p le t e ,  f o r  t h e  
c o n d i t i o n s  o f  s t a b i l i t y  and e a s e  o f  f o r m a t i o n  o f  s im p le  s u l p h o n i c  
e s t e r s  a p p e a r  t o  v a r y  c o n s i d e r a b l y  from c a s e  t o  c a s e .
The p r o d u c t i o n  and p r o p e r t i e s  o f  a r o m a t i c  s u l p h o n i c  
e s t e r s  h a v e  b e e n  s t u d i e d  b y  i fe rns  and L apw or th  ( J . C . S . ,  1912 ,  2 7 2 ) ,  
who c o n c l u d e  t h a t  no g e n e r a l  method o f  f o r m a t i o n  i s  a v a i l a b l e .
C h i e f  amongst  t h e  f a c t o r s  m i l i t a t i n g  a g a i n s t  t h e  i s o l a t i o n  o f  th e  
s i m p l e r  e s t e r s  a t  l e a s t ,  i s  t h e i r  a l k y l a t i n g  t e n d e n c i e s .  Thus 
i t  i s  found t h a t ,  o f  t h e  f o l l o w i n g  r e a c t i o n s : -
1) CH3.C6H4.SO2d + (UOCHs.CeHs ------------ ?  CH3.C6H4SO2OCH2.CsH3 + NaCl
2) CH3.C6H4.SO2.OCH2.C6H5 + NaOCH2.C6H5 —7CH3.CeH4SO2.ON* + (C sH sC H a^O
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( 2 ) i s  so v i g o r o u s  i n  t h i s  p a r t i c u l a r  c a s e ,  t h a t  o n l y  d i b e n z y l  
e t h e r  i s  p r o d u c e d .  I n  c o n t r a s t ,  t h e  method g i v e s  good r e s u l t s  
w i t h  b e n z e n e  s u l p h o n y l  c h l o r i d e  and sod ium  m e n t h y l a t e ,  and w i t h  
t o l u e n e - p - s u l p h o n y l  c h l o r i d e  and sodium b o r n y l a t e ,  where  p r e ­
sum ab ly  t h e  a l k y l a t i n g  t e n d e n c y  i s  a b s e n t .
The a l k y l a t i n g  p r o p e r t i e s  o f  t h e  e s t e r s  f u r t h e r  p r e ­
ven t-  t h e  u s e  o f  p y r i d i n e  ( o r  t e r t i a r y  b a s e s )  as  c o n d e n s i n g  a g e n t  
b e tw e e n  t h e  s u l p h o n y l  c h l o r i d e  and t h e  a l c o h o l .  Thus e t h y l - 
e - t o l u e n e  s u l p h o n a t e  a s  p r o d u c e d  fo rm s  a q u a t e r n a r y  ammonium s a l t  
w i t h  p y r i d i n e ,  f rom  w h ic h  t h e  e s t e r  c a n n o t  be r e c o v e r e d
   ^ 0 2 ^ 5
‘C Z / ' ^ O  SO 2 C7 H7
I n  a d d i t i o n  t o  t h e  a l k y l a t i n g  f a c t o r ,  t h e r e  a r e  
s e v e r a l  r e f e r e n c e s  i n  t h e  l i t e r a t u r e  to  t h e  e a s e  w i t h  w h ich ,  i n  
some c a s e s ,  h y d r o l y s i s  o f  s u lp h o n y l  c h l o r i d e s  p r o c e e d s  when h e a t e d  
i n  e x c e s s  o f  a l c o h o l  ( s u l p h o n i c  a c i d s  b e i n g  p r o d u c e d ) .  Thus 
K r a f f t  and  Roos ( B e r . ,  1892 ,  .25, 2 2 5 7 ) ,  to  su rm ount  t h i s  d i f f i ­
c u l t y ,  i n  t h e  c a s e  o f  p - h a l o g e n a t e d  b e n z e n e  and c e r t a i n  n a p h t h a ­
l e n e  s u l p h o n y l  c h l o r i d e s ,  a l l o w e d  t h e  r e a c t i o n  to  p r o c e e d  f o r  
s e v e r a l  d a y s  a t  room t e m p e r a t u r e .  The r e a d y  h y d r o l y s i s  o f  
d i  io d o  b e n z e n e  s u l p h o n y l  c h l o r i d e s  i s  a l s o  n o t e d  by  B o y le  ( J . C . S * ,  
1909 ,  1683 ;  1 9 1 0 ,  2 1 1 ) .  On t h e  o t h e r  h a n d ,  A rm s t ro n g  ( P r o c . ,
1 891 ,  _71f 184) p r e p a r e d  s e v e r a l  d i b r o m n a p h t h a l e n e  s u l p h o n i c  e s t e r s  
b y  b o i l i n g  t h e  s u l p h o n y l  c h l o r i d e s  i n  e x c e s s  a l c o h o l .
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S c h o t t en -B au m a n n  A p p l i c a t i o n *
I n  more r e c e n t  y e a r s  t h e  a p p l i c a t i o n  o f  a  m o d i f i e d  
S c h o t te n -B a u m a n n  r e a c t i o n  to  t h e  p r e p a r a t i o n  o f  s u l p h o n i c  e s t e r s  
h a s  met  w i t h  good s u c c e s s ,  and th o u g h  t h i s  a p p l i c a t i o n  h a s  heen  
a t t r i b u t e d  t o  P o l d i  ( B a r . ,  1920,  53, 1 8 3 6 ) ,  i t  s h o u ld  be n o t e d  
t h a t  i t  h a d  b e en  p r e v i o u s l y  a p p l i e d  w i t h  s u c c e s s  by  B oy le  ( J . C . 3 . ,  
1909 ,  95,  1 6 8 3 ) .  JPoldi a c t e d  on m o l e c u l a r  p r o p o r t i o n s  o f  b en -  
z en e  and s u b s t i t u t e d  b e n z e n e  s u l p h o n y l  c h l o r i d e s  w i t h  20*30;^ 
a q u e o u s  BaOH a t  0*0 .
About th e  same t im e  I z m a i l s k i  and Razenov ( J .  R u s s .  
P h y s .  Chem. 3 o o . ,  1920 ,  52,  359;  J . C . 3 . ,  1923, A i ,  770) o b t a i n e d
good y i e l d s  o f  t o l u e n e  s u l p h o n i c  e s t e r s  b y  a  s i m i l a r  method,  
u s i n g  25^ BaOH.
The f o l l o w i n g  y e a r  Hahn and  W a l t e r  ( B e r * ,  1921 ,  5 4 , 
1531) p r e p a r e d  t h e s e  t o l u e n e  s u l p h o n i c  e s t e r s  i n  good y i e l d  by  
a d d i n g  pow dered  EOH a t  low t e m p e r a t u r e s  ( < 1 0 ° C )  t o  e q u i v a l e n t s  
o f  p - t o l u e n e  s u l p h o n y l  c h l o r i d e  and t h e  a l c o h o l  d i s s o l v e d  i n  
e t h e r .
T h i s  l a s t  method was a d o p t e d  and e x t e n d e d  t o  o t h e r  
t o l u e n e  s u l p h o n i c  e s t e r s  b y  Gilman and B e a b e r  ( J .  Amer. Chem. 3oc . ,  
1925,  47, 5 1 8 ) .
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T u r n in g  now t o  the  q u e s t i o n  o f  t h e  camphor  s u l p h o n i c  
a c i d s ,  c o n s u l t a t i o n  o f  t h e  l i t e r a t u r e  shows t h a t  w h i l e  r e f e r e n c e s  
to  t h e  more c o m p le x  e s t e r s  o f  t h e s e  a c i d s  a r e  n u m e r o u s , t h e  o n ly  
r e p r e s e n t a t i v e s  o f  t h e  s i m p l e r  c a s e s  a r e  t h e  m e th y l  and  e t h y l  
e s t e r s  o f  c a m p h o r - 1 0 - s u l p h o n i c  a c i d .  These  were  p r e p a r e d  by 
Edminson and H i l d i t c h  ( J . C . S . ,  1910,  223) by  h e a t i n g  t h e  s u l ­
p h ony l  c h l o r i d e  w i t h  t h e  sodium a l k y l  o x id e  d i s s o l v e d  i n  t h e  
c o r r e s p o n d i n g  a l c o h o l .  A t t e m p t s  t o  r e p e a t  t h i s  p r o c e d u r e  were  
a t  f i r s t  u n s u c c e s s f u l  b u t  f i n a l l y ,  u s in g  c o n c e n t r a t e d  s o l u t i o n s  
o f  t h e  r e a g e n t s  and w i t h  o n l y  a few m i n u t e s '  h e a t i n g  b e f o r e  
p o u r i n g  t h e  r e a c t i o n  m i x t u r e  i n t o  w a t e r ,  t h e  p r o d u c t s  were  o b ­
t a i n e d  i n  p o o r  y i e l d s  ( m e th y l  4q£ ;  e t h y l  25*3050 • The
p o o r n e s s  o f  t h e  y i e l d  was t r a c e d  t o  t h e  f o r m a t i o n  o f  e t h e r s  
w h ich  were  p r o d u c e d  i n  c o n s i d e r a b l e  q u a n t i t i e s  d u r i n g  t h e  c o u r s e  
o f  t h e  r e a c t i o n  and w h ich  p r e s u m a b ly  r e s u l t  f rom  a l k y l a t i o n  
o r o c e s s e s  a n a l o g o u s  t o  t h o s e  d e s c r i b e d  by iPerns and L a p w o r th  
( l o c . c i t . )  •
C t o H r s O  S 0 2 C1 +  NfcO CH s---------- » CteHisO SO2 OCH3  +  NaCl
C r e H t5O SO2OCH3 + N&OCH3  * C reHr50 S020N& + CH3O CH*
The y i e l d s  were  f u r t h e r  r e d u c e d  and  t h e  p r o d u c t i o n  
o f  e t h e r s  i n c r e a s e d  b y  e x t e n d i n g  t h e  p e r i o d  o f  h e a t i n g .
W i th  a  v iew t o  f i n d i n g  a  more s a t i s f a c t o r y  method
o f  e s t e r i f i c a t i o n  t h e  f o l l o w i n g  m e th o d s ,  b e s i d e s  u l t i m a t e l y
t h e  S o h o t te n -B a u m an n  p r o c e s s ,  w ere  c o n s i d e r e d t -
( l )  H e a t i n g  e q u i v a l e n t s  o f  a c i d  c h l o r i d e  and a l c o h o l
( a )  t o g e t h e r  ( e x c e s s  a l c o h o l  b e i n g  u s e d ) ,
(b )  i n  b e n z e n e .
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(c )  i n  p r e s e n c e  o f  p y r i d i n e .
( 2 ) The s i l v e r  s a l t  m e th o d .
(3)  ( a )  H e a t i n g  t h e  a c i d  i n  e x c e s s  a l c o h o l  c o n t a i n i n g  3$
h y d r o c h l o r i c  a c i d  g a s  i n  s o l u t i o n .
(b)  H e a t i n g  t h e  a c i d  i n  e x c e s s  a l c o h o l  i n  th e  c o n t i n u o u s  
e s t e r i f i c a t i o n  a p p a r a t u s  o f  t f r an k lan d  and A s ton  ( J . C . 3 . ,  
1901 ,  7 9 ,  5 1 7 ) .
( 1 ) ( a )  and (b)  r e s u l t e d  i n  p a r t i a l  o r  c o m p l e t e  h y d r o l y s i s
o f  t h e  a c i d  c h l o r i d e  d e s p i t e  p r e c a u t i o n s  h a v in g  been  t a k e n  t o  
e x c l u d e  m o i s t u r e  -  t h e  a c i d  i t s e l f  was o b t a i n e d .  S m a l l  
y i e l d s  o f  e s t e r  were  i n  a  few c a s e s  i s o l a t e d  b u t  t h e s e  were 
c o n t a m i n a t e d  b y  i m p u r i t i e s  r e s u l t i n g  f rom t h e  t h e r m a l  decom­
p o s i t i o n  o f  t h e  s u l p h o n y l  c h l o r i d e  and a l s o  from t h e  a c t i o n  
o f  t h e  h y d r o c h l o r i c  a c i d  l i b e r a t e d ^ o n  t h e  s u l p h o n i c  a c i d  i t s e l f .  
I n  a l l  c a s e s  y i e l d s  w e r e  v e r y  p o o r .
( 1 ) ( c )  v/as n o t  a  p r a c t i c a b l e  method s i n c e  any e s t e r  formed 
y i e l d s  an a d d i t i o n  compound w i t h  p y r i d i n e .  T h i s  was shown 
i n  t h e  f o l l o w i n g  w ays-
E q u i v a l e n t s  o f  m e t h y l  c a m p h o r - 1 0 - s u l p h o n a t e  and 
p y r i d i n e  w ere  mixed a t  room t e m p e r a t u r e ,  v/hen t h e  e s t e r  d i s ­
s o l v e d  w i t h  d e v e l o p m e n t  o f  h e a t  and t h e  a p p e a r a n c e  o f  a  y e l l o w -  
g r e e n  c o l o u r  i n  t h e  s o l u t i o n .  G r a d u a l l y  t h i s  c o l o u r  f a d e d ,  
and on l e a v i n g  t h e  m i x t u r e  t o  c o o l  i n  a  s t o p p e r e d  f l a s k ,  a  
w h i t e  c r y s t a l l i n e  s o l i d  7/ a s  d e p o s i t e d .  T h i s ,  on e x p o s u r e  
to a i r ,  i m m e d i a t e l y  l i q u i f i e d  and was c o n s e q u e n t l y  n o t  examined 
f u r t h e r .
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(2 )  The s i l v e r  s a l t  m ethod  y i e l d e d  t h e  e s t e r s ,  but  was n o t  
an eoonomic p r o c e s s ,  n o r  w ere  good y i e l d s  o b t a i n e d *
( 3j ( a )  was u n s a t i s f a c t o r y  b o t h  i n  t h e  q u a n t i t y  and p u r i t y  o f  
t h e  p r o d u c t ,  a  s m a l l  amount o f  a  d a r k  c o l o u r e d  low m e l t i n g  
s o l i d  b e i n g  t h e  o n l y  p r o d u c t  i s o l a t e d .
(3)  (b )  . T h i s  method g av e  v e r y  s m a l l  y i e l d s  o f  th e  e s t e r s  
— 1 0 0  gm. c am p h o r - 1 0 - s u l p h o n i c  a c i d  gave  6 gm. c r u d e  e t h y l  
e s t e r  — t h e  y i e l d s  w ere  s l i g h t l y  i n c r e a s e d  by t h e  a d d i t i o n  o f  
a fov/ c c s .  o f  c o n c e n t r a t e d  s u l p h u r i c  a c i d .
I t  i s  n o t e w o r t h y  t h a t  c o n s i d e r a b l e  q u a n t i t i e s  o f  
efcher v/ere p r o d u c e d  i n  t h e  p r o c e s s ,  t h i s  t a k i n g  p l a c e  a t  tem­
p e r a t u r e s  c o n s i d e r a b l y  l o w e r  t h a n  t h o s e  r e q u i r e d  f o r  t h e  decom­
p o s i t i o n  o f  e t h y l  s u l p h u r i c  a c i d  (130  - 1 4 0 ° 0 ) . Thus e t h e r  
was f o rm e d  a t  100 -  1 1 0 °G. T h is  p r o d u c t i o n  o f  e t h e r  i s  i n  
a c c o r d a n c e  w i t h  t h e  s t r o n g  a l k y l a t i n g  p r o p e r t i e s  o f  t h e  e s t e r s ,  
by  d e c o m p o s i t i o n  o f  w h ic h  th e  e t h e r  most  p r o b a b l y  r e s u l t s ,  e . g . ,
Cr o Hf s G SO2OC2H5 ■+• HQC2H5 ^ C i e Hr s Q  SOjH +  C2H5Q C2H5
The r e s u l t s  o f  t h i s  e x p e r i m e n t ,  t a k e n  i n  c o n j u n c t i o n  
w i t h  t h o s e  f rom E x p s .  ( l j ( a )  and ( b ) . s u g g e s t  t h a t  t h e  " h y d r o l y s i s  
o f  t h e  s u l p h o n y l  c h l o r i d e s "  r e f e r r e d  t o  by K r a f f t  and Boos,
B o y le  and o t h e r s  ( l o o .  c i t . )  i s  p r o b a b l y  a l s o  due t o  an a l k y l -  
a t i o n  p r o c e s s  s u c h  a s  t h a t  d e p i c t e d  i n  t h e  above e q u a t i o n  — t h e
p r o d u c t i o n  o f  r e l a t i v e l y  s m a l l  q u a n t i t i e s  o f  e t h e r s  i n  a  b u l k
o f  low b o i l i n g  s o l v e n t  m ig h t  r e a d i l y  e s c a p e  d e t e c t i o n .  The
- 14 -
a c t u a l  I s o l a t i o n  o f  p o o r  y i e l d s  o f  t h e  e s t e r s  i n  such c a s e #  
s e r v e s  t o  c o n f i r m  t h i s  view*
The A p p l i c a t i o n  o f  t h e  Soho t ten -B au m an n  R e a c t io n *
The optimum c o n d i t i o n s  f o r  t h e  a p p l i c a t i o n  o f  t h i s  
r e a c t i o n  were  f i r s t  d e t e r m i n e d  f o r  t h e  p r e p a r a t i o n  o f  m e th y l  
c a m p h o r - 1 0 - s u l p h o n a t e  and t h e r e a f t e r  a p p l i e d  i n  t h e  p r e p a r a t i o n  
o f  o t h e r  e s t e r s .
P r e l i m i n a r y  e x p e r i m e n t s  showed t h a t  t h e  p r o d u c t i o n  
o r  a p p l i c a t i o n  o f  h e a t  were  d e t r i m e n t a l  t o  t h e  y i e l d s  o f  the  
e s t e r s ,  so  i n  a l l  c a s e s  t h e  e x p e r i m e n t s  m en t io n ed  h e r e  were  
c a r r i e d  o u t  i n  a  f r e e z i n g  m i x t u r e ,  w i t h  v i g o r o u s  a g i t a t i o n  o f  
t h e  r e a g e n t s  so a s  t o  p r e v e n t  t h e  d ev e lopm en t  o f  l o c a l  h e a t i n g ,  
ij’o r  t h i s  l a t t e r  p u r p o s e  a l s o  t h e  s o l i d s  employed w ere  a l l  i n  
f i n e l y  d i v i d e d  form*
The f o l l o w i n g  t a b l e  sum m ar ises  t h e  r e s u l t s  o b t a i n e d  
b y  a d d i n g  v a r y i n g  c o n c e n t r a t i o n s  o f  IfaOH ( a q u e o u s )  t o  t h e  s u l ­
p h o n y l  c h l o r i d e  d i s s o l v e d  ( o r  su sp en d ed )  i n  m e th y l  a l c o h o l : -
M e th y l
Acid  C h l o r i d e  A lc o h o l*  UaOH. Y i e l d  ( c r u d e )  M .P t .  c r u d e  p r o d u  ------------------------      (c[tT
10 gm. 15 c o .  27cc •( 10$) t b f  T h e o r .  50 - 56°C.
10  gm 
10  gm 
15 gm 
5 gm
30 gm
15 c o .  l £ c o . ( 2 5 ^ )
15 o o .  4 o o . (5 0 ^ )
20 o o .  7oc.(50??)  73??
7 o o .  1 g m . s o l i d  85??
45 o c .  7 g m . s o l i d  905?
If
n
•i
it
48 -  52° C . 
54 -  58c 0 . 
56 -  58°C .
58 -  59°C .
59 -  6 0 ° 0 .
Tha M . P t .  o f  t h .  p u r e  p r o d u c t  i s  61°C
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The r e s u l t s  show t h a t  t h e  b e s t  c o n d i t i o n s  f o r  a  
h i g h  and p u r e  y i e l d  a r e  o b t a i n e d  u s in g  s o l i d  JffaOH# I t  
was  f u r t h e r  shown t h a t  t h e r e  was no n e o e s s i t y  t o  have 
s u f f i c i e n t  a l c o h o l  p r e s e n t  to  b r i n g  t h e  s u l p h o n y l  c h l o r i d e  
i n t o  c o m p l e t e  s o l u t i o n  — t h i s  i n d e e d  lo w e re d  t h e  y i e l d  — a 
s u s p e n s i o n  o f  t h a  a c i d  c h l o r i d e  i n  t h e  a l c o h o l  i s  s a t i s f a c t o r y .
The q u a n t i t y  o f  EaQE r e q u i r e d  f o r  c o m p l e t i o n  o f  t h e  
r e a c t i o n  was found  i n  p r a c t i c e  t o  be  somewhat l e s s  t h a n  two 
m o l e c u l a r  p r o p o r t i o n s ,  and s i n c e  t h e  a c t u a l  u s e  o f  two m ole­
c u l a r  p r o p o r t i o n s  h a d  no h a r m f u l  e f f e c t s ,  t h i s  q u a n t i t y  was 
g e n e r a l l y  employed '.
The g e n e r a l  p r o c e d u r e  t h u s  e v o lv e d  i s  a s  f o l l o w s  i -
The s u l p h o n y l  c h l o r i d e  was d i s s o l v e d  i n  t h e  h o t  
a l c o h o l  (1 5  c c . p e r  10 gm. a c i d  c h l o r i d e )  c o r r e s p o n d i n g  to  
t h e  e s t e r  r e q u i r e d .  The s o l u t i o n  was q u i c k l y  c o o l e d ,  t h e r e ­
b y  d e p o s i t i n g  t h e  s u l p h o n y l  c h l o r i d e  i n  f i n e l y  d i v i d e d  fo rm .
The b e a k e r  c o n t a i n i n g  the  s u s p e n s i o n  was s u r r o u n d e d  by a  f r e e z ­
i n g  m i x t u r e  and v i g o r o u s l y  s t i r r e d  w h i l e  two e q u i v a l e n t s  o f  
powdered  UaOE w ere  s lo w l y  added i n  s m a l l  q u a n t i t i e s  a t  a t im e  
— t h e  t e m p e r a t u r e  b e i n g  m a i n t a i n e d  w e l l  below 10°G. 'When 
t h e  a d d i t i o n  was c o m p l e t e  t h e  m i x t u r e  was a l l o w e d  t o  s t a n d  f o r  
h a l f  an h o u r ,  more a l c o h o l  b e i n g  added i f  n e c e s s a r y  t o  p r e s e r v e  
f l u i d i t y ,  and f i n a l l y  t r e a t e d  w i t h  an e x c e s s  o f  w a t e r .  The 
e s t e r  was t h u s  o b t a i n e d  as  an o i l  which  i m m e d i a t e l y  s o l i d i f i e d  
on s t i r r i n g  and  was c o l l e c t e d  and w ashed  f r e e  from sodium s a l t s  
a t  t h e  f i l t e r  pump.
The q u a n t i t y  and q u a l i t y  o f  t h e  p r o d u c t s  r e s u l t i n g  
f ro m  t h e  a p p l i c a t i o n  o f  t h i s  p r o c e d u r e  have  b e e n ,  i n  g e n e r a l ,  
h i g h l y  s a t i s f a c t o r y ,  t h e  m e t h y l  e s t e r s  b e i n g  o b t a i n e d  i n  y i e l d s  
v a r y i n g  f rom 80 - 90^ t h e o r e t i c a l ,  t h e  e t h y l  e s t e r s  from 70 - 
8 5 t h e o r e t i c a l .
As w i l l  be s e e n ,  t h e r e f o r e ,  f rom t h e  b e h a v i o u r  o f  
t h e  camphor  s u l p h o n i c  e s t e r s  d e s c r i b e d  above ,  t h e  p r e p a r a t i o n  
o f  t h e s e  e s t e r s  i s  s u b j e c t  to  t h e  same e x i g e n c i e s  as  h a v e  been  
fo u n d  to  e x i s t  i n  t h e  f o r m a t i o n  o f  a r o m a t i c  r e p r e s e n t a t i v e s  o f  
t h e  c l a s s .  The s u c c e s s  w h ic h  h a s  a t t e n d e d  th e  a p p l i c a t i o n  o f  
t h e  S c h o t t e n -B a u m a n n  p r o c e d u r e  i n  t h e  a r o m a t ic  s e r i e s  and now 
a l s o  i n  t h e  a l i p h a t i c  s e r i e s ,  s u g g e s t s  t h a t  t h i s  may e v e n t u a l l y  
p r o v i d e  t h e  g e n e r a l l y  e f f i c i e n t  method w h ich  t f e m s  and Lapw or th  
b e l i e v e d  t o  b e  l a c k i n g .
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Exp e r  i m e n t a l .
M e th y l  c a m p h o r - 1 0 - s u l p h o n a t e  was  p r e p a r e d  f rom  t h e  s u lp h o n y l  
c h l o r i d e  (1 0  gm.), m e t h y l  a l c o h o l  (15 c c . ) and  sodium h y d r o x id e  
(3  g m . ) i n  t h e  m an n e r  a l r e a d y  d e s c r i b e d .
The y i e l d  o f  n e a r l y  p u r e  e s t e r  was 9 0 $  t h e o r e t i c a l .
M.P.  61°C u n a f f e c t e d  by a d m i x t u r e  w i t h  a  spec im en  p r e p a r e d  by 
Edminson a n d  H i l d i t c h 1s p r o c e d u r e  ( l o c .  c i t . ) .
E t h y l  c a m p h o r - 1 0 - s u l p h o n a t e  -  f rom  t h e  s u l p h o n y l  c h l o r i d e  (20 gm. ) ,  
a b s o l u t e  a l c o h o l  (30 c c . ) ,  and  sodium h y d r o x id e  (6*5  g m .) .
The p r o d u c t  was  p u r i f i e d  by c r y s t a l l i s a t i o n  f rom aqueous
m e t h y l a t e d  s p i r i t  an d  h a d  M.P.  46°C u n a f f e c t e d  by a d m ix tu re  w i t h  
an  a u t h e n t i c  s p e c im e n .
Y i e l d  70$ t h e o r y .
M e th y l  q c h l o r o c a m p h o r - 1 0 - s u l p h o n a t e  -  f rom  a - c h l o r o c a m p h o r - 1 0 - s u l ­
p h o n y l  c h l o r i d e  (10 gm. ) (A rm s t rong  and  Lowry,  J . C . S . ,  1902,  1 4 5 1 ) ,  
m e t h y l  a l c o h o l  (20 c c . ) ,  a n d  sod ium  h y d r o x id e  (3 g m . i . The p r o ­
d u c t  was  p u r i f i e d  by c r y s t a l l i s a t i o n  f rom  m e t h y l a t e d  s p i r i t  and  t h e n
h a d  M .P .  6 l * 5 ° C .  Y i e l d  o v e r  90$ t h e o r e t i c a l .
Cl  c a l c u l a t e d  . . . 12*66$
Cl f o u n d  ...................  12*87$ .
E t h y l  q - c h lo ro c f t .T n p h o r -1 0 - su lp h o n a te  -  f rom  t h e  s u l p h o n y l  c h l o r i d e  
(10 gm. ) ,  a b s o l u t e  a l c o h o l  (25 c c . ) and  sodium h y d r o x i d e  (3 g m . ) .  
B e c r y s t a l l i s e d  f ro m  s p i r i t ,  t h e  p r o d u c t  h ad  M.P. 56°C. Y i e l d  
85 t h e o r y .
C l  c a l c u l a t e d  . . . 1 2 * 0 6 $
01  f o u n d ........................ 1 1 * 9 5 $
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M e th y l  a - b r o m o c a m p h o r - 1 0 - s u l p h o n a t e  -  f rom  a - b  r  omo camphor- 1 0 -  
s u l p h o n y l  c h l o r i d e  (1 0  gm. ) ( i b i d . ) ,  m e t h y l  a l c o h o l  (20  c c . ) and 
sod ium  h y d r o x i d e  (2 gm. ) .  R e c r y s t a l l i s e d  f rom m e th y l  a l c o h o l  
t h e  p r o d u c t  m e l t e d  a t  64°C .  Y i e l d  80 $ t h e o r y .
Br  c a l c u l a t e d  . . . .  24*59$
Br  f o u n d  .......................... 24*78$
E t h y l  o c -b ro m o c a m p h o r - lQ - s u lp h o n a te  -  f rom t h e  s u lp h o n y l  c h l o r i d e  
(10  g m . ) ,  a b s o l u t e  a l c o h o l  (15 c c .  ) and sodium h y d r o x id e  (2 g m . ) .  
E e c r y s t a l l i s e d  f rom  s p i r i t  t h e  p r o d u c t  m e l t e d  a t  61°C. Y i e l d  
75 $ t h e o r y .
B r  c a l c u l a t e d  . . . .  23*57$
B r  f o u n d  .........................  23*64$
M e th y l  camphor-IT  - s u l p h o n a t e  -  f rom  camphor-TT - s u l p h o n y l  c h l o r i d e  
(5*5 gm. ) (K ip p in g  a n d  P o p e ,  1 8 9 5 ,  3 4 5 ) ,  m e t h y l  a l c o h o l  (12 c c . ) 
an d  sod ium  h y d r o x i d e  (1* 7  gm. ) .  R e c r y s t a l l i s e d  from m e th y l  
a l c o h o l  t h e  p r o d u c t  m e l t e d  a t  109°C.  Y i e l d  80f i  t h e o r y .
S c a l c u l a t e d  . . . . 1 2 *9$
S f o u n d  .........................  12*74$
M e th y l  o c - c h l o r o c a m p h o r - T T - s u lp h o n a te  -  f rom a - c h l o r  o camphor-7T-  
s u l p h o n y l  c h l o r i d e  (5*5 gm. i b i d ) ,  m e t h y l  a l c o h o l  (15 c c . ) and 
sod ium  h y d r o x i d e  ( l * 5  g m . ) .  R e c r y s t a l l i s e d  from m e th y l  a l c o h o l  
t h e  p r o d u c t  m e l t e d  a t  114°C .  Y i e l d  80$  t h e o r y .
C l  c a l c u l a t e d  . . . .  1 2 *6 6 $
Cl  f o u n d   ........................12*94$
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M e th y l  g - b r o m o c a m p h o r - T f - s u l p h o n a t e  — from a - b r  omo camphor-TT -  
s u l p h o n y l  c h l o r i d e  (10  g m . ) ,  m e t h y l  a l c o h o l  (25 c c . ) and sodium 
h y d r o x i d e  (2*5 g m . ) .  R e c r y s t a l l i s e d  f rom s p i r i t  t h e  p r o d u c t  
m e l t e d  a t  111°G. Y i e l d  85,$ t h e o r y .
Br  c a l c u l a t e d  . . . .  24*6$
Br  fo u n d  ....................  . 2 4 * 7 $ .
ROTATION ME AS U RE. S ^
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Camphor.
W h i le  e x a m i n i n g  t h e  c h e m ic a l  a c t i o n  o f  c o n c e n t r a t e d  
s u l p h u r i c  a c i d  on camphor  i t  was  n o t e d  t h a t  t h e  camphor d i s s o l v e d  
i n  t h e  a c i d  t o  g i v e  l a e v o r o t a t o r y  s o l u t i o n s .  The s o l u t i o n s  were  
a l l  more  o r  l e s s  c o l o u r e d ,  d e p e n d i n g  on t h e  c o n c e n t r a t i o n  o f  t h e  
cam phor ,  b u t  i n  v iew  o f  t h e  f a c t  t h a t  t h e  l a t t e r  compound i s  p e r ­
s i s t e n t l y  d e x t r o r o t a t o r y  i n  o r g a n i c  and i n o r g a n i c  s o l v e n t s  a l i k e ,  
t h e  o b s e r v a t i o n  was  s u f f i c i e n t l y  a r r e s t i n g  t o  m e r i t  c l o s e r  i n v e s t i ­
g a t i o n .
I t  was n e c e s s a r y  f i r s t  t o  d e c i d e  w h e th e r  t h e  n e g a t i v e  
r o t a t i o n  was due t o  c h e m i c a l  a c t i o n  o r  t o  s o l v e n t  i n f l u e n c e  on t h e  
p a r t  o f  t h e  s u l p h u r i c  a c i d .  E x p e r im e n t  showed t h a t  t h e  s o l u t i o n s  
a t t a i n e d  t h e i r  maximum r o t a t i o n  a l m o s t  im m e d ia te ly  an d ,  though  i n  t h e  
c o u r s e  o f  s e v e r a l  d a y s  t h e i r  c o l o u r  d eep e n e d  p e r c e p t i b l y ,  t h e  v a l u e  
s u f f e r e d  a  d e c r e a s e  o f  l e s s  t h a n  2 $  and was c o n s t a n t  t h ro u g h o u t  t h e  
t i m e  t a k e n  t o  make a l l  t h e  o b s e r v a t i o n s  r e c o r d e d  i n  t h e  s e q u e l .  
F u r t h e r ,  t h e  camphor  was r e c o v e r e d  a l m o s t  q u a n t i t a t i v e l y  by p r e ­
c i p i t a t i o n  w i t h  w a t e r  w h i l s t  t h e  f i l t r a t e  f rom t h i s  o p e r a t i o n  had  a  
s m a l l  r o t a t i o n  o f  t h e  same m a g n i t u d e  a s  t h a t  o f  a  c o n c e n t r a t e d  
s o l u t i o n  o f  camphor i n  w a t e r  c o n t a i n i n g  t h e  c a l c u l a t e d  p r o p o r t i o n  
o f  s u l p h u r i c  a c i d .
T h e se  f a c t s  i n d i c a t e  t h a t  t h e  s u l p h u r i c  a c i d  p l a y s  a  
r o l e  a t  l e a s t  i n d i s t i n g u i s h a b l e  f rom  an o r d i n a r i l y  s o l v e n t  one ,  
th o u g h  i n  v iew  o f  t h e  r e a d i n e s s  w i t h  w h ic h ,  i n  common w i t h  many 
o t h e r  k e t o n e s ,  camphor  f o r m s  a d d i t i v e  compounds w i t h  n i t r i c  a c i d ,  
p h o s p h o r i c  a c i d ,  t h e  h a l o g e n s  e t c . ,  t h e  p o s s i b l e  f o r m a t i o n  o f  a  
l i q u i d  a d d i t i v e  compound i s  n o t  t o  be e x c lu d e d .
As t h e  f o l l o w i n g  t a b l e  shows,  t h e  r o t a t i o n  o f  camphor 
i s  n e g a t i v e  even  i n  d i l u t e d  s u l p h u r i c  a c i d ,  th o u g h  i t  d e c r e a s e s
w i t h  i n c r e a s e  i n  t h e p r o p o r t i o n o f w a t e r  i n  t h e s o l v e n t  and f i n a l l y
c h a n g e s  s i g n ; -
S o l v e n t . Cone. Temp.°C.
[ a ] g
Cone.  H2 SO4 2*545 17*1 -74*32
h* s ° 4 / H20 = 4 / l  S111- 2*054 15*4 -23*41
H? S04 / H2o = 3 / i  gm. 2*045 18*8 -7*335
H2 SOA/ H2o = 2 / x  gm. 2*045 18 +4*4.
The p o w e r f u l  d e p r e s s i n g i n f l u e n c e  t h u s  e x e r t e d  by
s u l p h u r i c  a c i d  i s  made c l e a r  by c o m p a r i so n  w i t h t h e  r o t a t i o n s
d i s p l a y e d  by camphor i n  o t h e r  s o l v e n t s ; -
S o l v e n t . Conc. Temp.°C.
E t h y l e n e  b ro m id e 5*213 16 +57*37
A l c o h o l 5*978 20 43*22
C h lo r o f o r m 5*236 16*5 40*49
Benzene 2*000 20 40*0 +
P y r i d i n e 5*209 16*5 38*21
n B u t y r i c  a c i d 49*10 20 52*49 *
P r o p i o n i c  a c i d 60*92 20 50*53 *
A c e t i c  a c i d 47*52 20 49*37 *
F o r m ic  a c i d 35*89 20 39*93 *
F o r m ic  a c i d 2*000 20 20*5 t*
f  L u c a s ,  Ann. de P h y s . ,  1928 , 447.
*  L a n d o l t ,  "D rehungsverm bgen” , p . 176 .
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To f a c i l i t a t e  c o m p a r i so n  w i t h  L a n d o l t ’ s v a l u e s  t h e  
r o t a t i o n s  a r e  g i v e n  f o r  , b u t  when a l l o w a n c e  i s  made f o r  t h e  
f a c t  t h a t  i n c r e a s e  i n  t h e  c o n c e n t r a t i o n  o f  camphor i n  a  s o l v e n t  
w h ich  d i m i n i s h e s  i t s  r o t a t i o n  ( e s t i m a t e d  a s  [ a ]  = 55*4° ,  L a n d o l t ,
l o c .  c i t . ) p r o d u c e s  a  c o r r e s p o n d i n g  i n c r e a s e  i n  t h e  r o t a t i o n  o f  
t h e  s o l u t i o n ,  i t  i s  a t  once  e v i d e n t  f rom t h e  t a b l e  t h a t  s u l p h u r i c  
a c i d  i n  d e p r e s s i n g  t h e  r o t a t i o n  o f  camphor m e r e l y  c o n t i n u e s  and i n ­
t e n s i f i e s  an  e f f e c t  w h ich  i s  a l r e a d y  o b s e r v a b l e  w i t h  weak o r g a n i c  
a c i d s .  M o r e o v e r ,  t h e  m a g n i tu d e  o f  t h e  d e p r e s s i o n  a p p e a r s  t o  be 
r e l a t e d  t o  t h e  s t r e n g t h  o f  t h e  a c i d .
Of t h e  two o t h e r  common m i n e r a l  a c i d s  h y d r o c h l o r i c  a c i d ,  
p r e s u m a b ly  on a c c o u n t  o f  i t s  l a r g e  w a t e r  c o n t e n t ,  does  n o t  y i e l d  
l a e v o r o t a t o r y  s o l u t i o n s ,  w h i l s t  on a d d i t i o n  o f  camphor to  n i t r i c  
a c i d ,  two l a y e r s  a r e  f o rm e d ,  t h e  u p p e r  o f  w h ich  c o n t a i n s  camphor 
and n i t r i c  a c i d  i n  a p p r o x i m a t e l y  m o l e c u l a r  p r o p o r t i o n s  and i s  w eak ly  
l a e v o r o t a t o r y ,  b u t  o b v i o u s l y  i n  t h i s  c a s e  t h e  e f f e c t  o f  aqueous  
d i l u t i o n  c a n n o t  be  f o l l o w e d .
W i th  r e g a r d  t o  t h e  i n f l u e n c e  o f  t e m p e r a t u r e  change on 
s o l u t i o n s  o f  camphor  i n  s u l p h u r i c  a c i d ,  t h e  c h e m ic a l  a c t i o n  which  
o c c u r s  ab o v e  40°C im posed  upon t h i s  l i n e  o f  i n v e s t i g a t i o n  v e r y  
n a r ro w  l i m i t s ,  b u t  s u f f i c i e n t  e v i d e n c e  was o b t a i n e d  t o  show t h a t  
w i t h  i n c r e a s e  i n  t e m p e r a t u r e  t h e  r o t a t i o n  d i m i n i s h e s  i n  n u m e r i c a l  
v a l u e ,  t h u s  c o n f o rm in g  t o  t h e  g e n e r a l  o b s e r v a t i o n  t h a t  camphor 
s o l u t i o n s  i n c r e a s e  i n  p o s i t i v e  r o t a t i o n  w i t h  t e m p e r a t u r e  i n c r e a s e .
Temp. D e n s i t y p i_i
ro
[ a ]
y
l a ] g
0 1*817 -54*16 -65*51 -75*56
17*1 1*799 -52*38 -64*18 -74*32
32*9 1*782 -51*90 -62*82 -73*84
p = 2*829
As was s u b s e q u e n t l y  d i s c o v e r e d ,  t h e  s t r o n g  d e p r e s s i n g  
s o l v e n t  a c t i o n  o f  s u l p h u r i c  a c i d  on camphor h a s  a l s o  been  n o t e d  
by L u c a s  (Ann. de P h y s . ,  1928 ,  3 8 l )  who r e c o r d s  t h e  v a l u e  
Loc] = -7 3*1  f o r  c = 2*00 .  By p r e l i m i n a r y  t r e a t m e n t  o f  t h eo
cam phor  t o  remove t r a c e s  o f  b o r n e o l  t h i s  a u t h o r  h a s  su cc e e d e d  
i n  o b t a i n i n g  p e r f e c t l y  c l e a r  s o l u t i o n s ,  b u t  h a s  c o n f i n e d  h i m s e l f  
t o  e x a m in in g  t h e  d i s p e r s i o n  o f  a  s i n g l e  s o l u t i o n  i n  t h e  c o n c e n ­
t r a t e d  a c i d .  He h a s  a l s o  n o t e d  t h a t  camphor i n  p h o s p h o r i c  a c i d  
s o l u t i o n  e x h i b i t s  a  f e e b l y  n e g a t i v e  r o t a t i o n a l  v a l u e  and t h a t  
f o r  t h i s  s o l u t i o n  t h e  d i s p e r s i o n  cu rv e  c r o s s e s  t h e  z e ro  a x i s  o f  
r o t a t i o n .  Now c r o s s i n g  o f  t h e  ze ro  a x i s  i s  one o f  t h e  c r i ­
t e r i a  f o r  an o m a lo u s  d i s p e r s i o n ,  so t h a t  c o u l d  L u c a s 1 c u rv e  be 
s u f f i c i e n t l y  e x t e n d e d ,  a c t u a l  r e a l i s a t i o n  o f  t h e  f u l l  an o m a lo u s ­
n e s s  m i g h t  be  e x p e c t e d .  T h i s ,  h o w ever ,  i n v o l v e s  o b s e r v a t i o n s  
t a k e n  i n  t h e  i n f r a  r e d  and  i s  n o t  t h e r e f o r e  a  g e n e r a l l y  p r a c t i ­
c a b l e  d e m o n s t r a t i o n  o f  t h e  phenomenon. On t h e  o t h e r  h a n d ,  
by u t i l i s i n g  t h e  f a c t  r e c o r d e d  i n  t h e  f i r s t  t a b l e  ( see  p . E l  i •— 
v i z .  t h a t ,  by s u i t a b l e  c h o i c e  o f  t h e  p r o p o r t i o n  o f  w a t e r  i n  
t h e  s u l p h u r i c  a c i d  s o l v e n t ,  any n e g a t i v e  r o t a t i o n a l  r e g i o n  may 
be  r e a l i s e d  up  t o  t h e  l i m i t  im posed  by t h e  c o n c e n t r a t e d  a c i d  —
IOO
FIG. 1
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t h e  c o m p le te  anom alous  r e g i o n  may be b r o u g h t  w i t h i n  t h e  r a n g e  
o f  t h e  v i s i b l e  s p e c t ru m  and  i t s  g r a d u a l  d e v e lo p m e n t s t u d i e d .  
S o l v e n t  Temp.
HzS0 4 H^ O Cone. °C. LaL La] La] [ a l  La]
2 y g 13 v
L) -C o n c .H p S 0 4 -  2*156 21*5 -46*84  -5 8 * 4 3  -68*64  -92*32  -128*9
I) 20*49 gm 2 * 5 0  gm 2*132 24 -37*99 -45*5  -56*28  -74*11  -103*1
3) 12*67 " 2*07 " 2*05 20 -35*6  -41*9 -49*75  -67*32  -9 0 * 7 2
1) 10*19 11 2*5 11 2*036 19 -2 0 * 6 3  -24*56 -27*02  -32*41  -4 0 * 7 7
) 10*72  n 3*75 ” 2*116 17 -  8*507 -8 * 9 8  -9 *913  -11*81  -8*034
) 1 0 * 0 3  ” 5*03  ” 2*02 16 -  0*495 +0*99 +1*98 +5*44 +17*82
The camphor em ployed was p u r i f i e d  by L u c a s 1 p r o c e d u r e ,  
v i z . ,  a  few d ro p s  o f  c o n c e n t r a t e d  n i t r i c  a c i d  w ere  add ed  t o  a  
s o l u t i o n  o f  cam phor i n  c o n c e n t r a t e d  s u l p h u r i c  a c i d  a n d ,  a f t e r  
s t a n d i n g  f o r  s e v e r a l  h o u r s ,  t h e  camphor was p r e c i p i t a t e d  by 
a d d i t i o n  o f  w a t e r  and  s u b l im e d .  The s u l p h u r i c  a c i d  u s e d  a s  
s o l v e n t  was t h e  h i g h e r  b o i l i n g  d i s t i l l a t e  from  c o n c e n t r a t e d  
b e n c h  r e a g e n t  and  p r o b a b ly  c o n ta in e d  some d i s s o l v e d  s u lp h u r  
t r i o x i d e  — i t s  d e n s i t y  was d * 1*844.
The d a t a  a r e  r e p r e s e n t e d  i n  g r a p h i c a l  fo rm  i n  F i g . I  
i n  w h ic h  t h e r e  a r e  a l s o  i n c lu d e d  f o r  c o m p a r iso n  t h e  d i s p e r s i o n  
c u r v e s  f o r  cam phor i n  some o r g a n ic  s o l v e n t s .  R e p r e s e n te d  t h u s ,  
t h e  v a r i o u s  d i s p e r s i o n s  a r e  s e e n  to  u n i t e  i n  fo rm in g  a  f a i r l y  
e x t e n s i v e  f a m i l y  o f  c u r v e s  p a s s i n g  g r a d u a l l y  from  t h e  e x tre m e  
fo rm  i n  c o n c e n t r a t e d  s u l p h u r i c  a c i d  on t h e  one h a n d ,  t o  t h e
o p p o s i t e  fo rm  i n  o r g a n i c  s o l v e n t s  on t h e  o t h e r .  I n t e r m e d i a t e
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b e tw e e n  t h e  two e x trem e  t y p e s  o f  c u r v a t u r e  and  w i t h i n  t h e  
n e g a t i v e  r e g i o n  o f  r o t a t i o n ,  th e  d i s p e r s i o n  i s  c l e a r l y  shown 
t o  be  a n o m a lo u s .  The c u rv e s  i n  t h i s  n e ig h b o u rh o o d  axe  num­
b e r e d  t o  c o r r e s p o n d  w i t h  t h e  f i g u r e s  i n  t h e  t a b l e  and  i t  w i l l  
b e  s e e n  t h a t  t h e  d i s p e r s i o n  c u rv e  f o r  a  2$ s o l u t i o n  o f  camphor 
i n  75$ s u l p h u r i c  a c i d  a p p r o x im a te ly ,  e x h i b i t s  b o th  a  minimum 
p o i n t  an d  a  p o i n t  o f  i n f l e x i o n }  80$ and h i g h e r  c o n c e n t r a t i o n s  
o f  s u l p h u r i c  a c i d  y i e l d  c u r v e s  c o n t a i n i n g  no v i s i b l e  an o m a lo u s ­
n e s s  o v e r  t h e  r a n g e  ex am in ed , w h i l s t  c o n c e n t r a t i o n s  be tw een  
50 -  70$ r e s u l t  i n  d i s p e r s i o n  c u rv e s  w hich  c r o s s  th e  z e ro  
a x i s  and  a r e  co m p arab le  w i th  L u c a s 1 c u rv e  f o r  camphor i n  p h o s ­
p h o r i c  a c i d .
a  G h lo r o -  an d  a  b ro m o -cam p h o r .
These two compounds may be treated  here sim ultaneously  
s in ce  in v estig a tio n  of the op tica l rotation  of each y ie lded  
r e s u lt s  o f a sim ilar  character. For rotation  purposes a ch loro- 
camphor was c r y s ta ll is e d  four tim es from benzene, a bromocamphor 
tw ice from toluene follow ed by r e c r y s ta llisa t io n  from benzene.
A study of the in fluences of certa in  se lec ted  so lven ts  
upon the ro ta tio n s of these compounds y ie lded  the follow ing  
resu lts .* -
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S o l v e n t  
H2 SO4 c o n c .  20
B e n z e n e  19*5
P y r i d i n e
A lc o h o l  1 9 '5
T e t r a c h l o r e t h a n e  20 
E t h y l e n e  b ro m id e  20
Qc C h lorocam p h n -r  
Temp.°G c o n c .  [ a ]
g
2*060 +65*52
2*000  87*5
2*008 121*5 
2*062 129*5 
2*036 148*8
a  BromOCAmphn-r | 
Tem p.°c co n c . [ a ]
2*02  +113* 
152*8 
162*6 
10*09 169*3
5*062 180*7
5*050 192*9
17
17*5 14*11
17 5*138
16 
17 
17
I t  w i l l  be  s e e n ,  i n  t h e  f i r s t  p l a c e ,  t h a t  t h e  r o t a t i o n  
v a l u e s  g e n e r a l l y  a r e  h i g h e r  th a n  th o s e  f o r  camphor -  a  r e s u l t  
w h ic h  may be  a t t r i b u t e d  t o  t h e  i n t r o d u c t i o n  o f  a  new asym m etric  
c a r b o n  a tom  ( th e  c o r r e s p o n d i n g  a 1 c h l o r o -  and  a 1 bromocamphors 
a r e  k n o w n ). M o re o v e r ,  when m easu red  u n d e r  s i m i l a r  c o n d i t i o n s ,  
t h e  v a l u e s  f o r  t h e  bromo d e r i v a t i v e  ex ceed  th o s e  f o r  th e  c h lo r o  
d e r i v a t i v e .  S u l p h u r i c  a c i d  a g a in  e x e r t s  t h e  m ost p o w e rfu l  
d e p r e s s i n g  s o l v e n t  i n f l u e n c e  a l th o u g h  t h e  ra n g e  in  each  c a s e  i s  
s m a l l e r  t h a n  t h a t  o b t a i n e d  w i t h  camphor. Among th e  o rg a n ic  
s o l v e n t s ,  i n  w h ic h  a  d e f i n i t e  s o l v e n t  o r d e r  i s  o b s e r v a b le ,  con ­
s i d e r a b l e  c h a n g e  i n  r o t a t i o n  i s  e n c o u n te re d  and f o r  p u rp o se s  o f  
c o m p a r iso n  w i t h  compounds to  be d i s c u s s e d  l a t e r ,  i t  may be n o te d  
t h a t  t h e  r o t a t i o n  i s  h i g h e s t  i n  e th y le n e  brom ide and lo w e s t  in  
b e n z e n e .
I n  t h e s e  two s o l v e n t s  t h e  e f f e c t  o f  t e m p e r a tu re  was 
exam ined  f o r  e a c h  o f  t h e  s u b s t a n c e s  in  o r d e r  t h a t  t h e  i n f lu e n c e  
o f  t h i s  f a c t o r  m ig h t  be  a s c e r t a i n e d  a t  t h e  m o st ex trem e
OK)
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r a t i o n a l  l i m i t s  a v a i l a b l e .  I n c r e a s e  o f  t e m p e r a t u r e  i n  a l l  
f o u r  s o l u t i o n s  p ro d u c e d  i n c r e a s e  i n  t h e  v a l u e s  o f  t h e  s p e c i f i c  
r o t a t i o n  h u t  i t  was n o t i c e a b l e  ( c f .  T-R t a b l e s )  t h a t  i n  t h e  
b e n z e n e  s o l u t i o n s  t h e  r a t e  o f  i n c r e a s e  was m a rk e d ly  g r e a t e r  
t h a n  i n  t h e  e t h y l e n e  b ro m id e  s o l u t i o n s  — an o b s e r v a t i o n  i n  
harm ony  w i t h  w h a t  may, p e r h a p s ,  be  r e g a r d e d  a s  a  f a i r l y  g e n e r a l  
p r i n c i p l e ,  v i z . ,  when two s o l u t i o n s  o f  a  g iv e n  a c t i v e  s u b s t a n c e  
i n c r e a s e  i n  r o t a t i o n  w i t h  r i s e  o f  t e m p e r a t u r e ,  t h e  r a t e  o f  i n ­
c r e a s e  w i l l  be g r e a t e r  i n  t h e  s o l u t i o n  o f  lo w e r  i n i t i a l  r o t a t i o n .  
An i n d i c a t i o n  o f  t h e  g e n e r a l  a p p e a ra n c e  o f  t h e  T-R c u r v e s  f o r  
t h e s e  f o u r  s o l u t i o n s  may be o b ta in e d  by r e f e r e n c e  t o  t h e  com­
p o s i t e  d ia g r a m ,  F i g .  3 , i n  w h ich  t h e  v a l u e s  o f  La ]g h av e  b een  
p l o t t e d  a g a i n s t  t e m p e r a t u r e .  I t  w i l l  be  s e e n  t h a t  i n  e a c h  c a s e  
a n  a p p r o x i m a te ly  l i n e a r  r e l a t i o n s h i p  i s  o b t a i n e d .  
aa* D ibromocfim phor.
F o r  c o m p a r iso n  w i t h  t h e  mono a - h a l o g e n a t e d  camphor?, 
t h i s  r e p r e s e n t a t i v e  o f  t h e  d i - a - h a l o g e n a t e d  d e r i v a t i v e s  was 
p r e p a r e d  and  s t u d i e d .  A f t e r  f i v e  c r y s t a l l i s a t i o n s  f rom  m e th y l  
a l c o h o l  ( c o n d u c te d  i n  t h e  d a rk  t o  p r e v e n t  d i s c o l o r a t i o n )  t h e  
f o l l o w i n g  r o t a t i o n  v a l u e s  w ere  o b t a i n e d ; -
S o l v e n t . Conc. Temp.°C. [ a ]
S u l p h u r i c  a c i d  1*034 14 45*45
A l c o h o l  2*076 18*5 51*53
B e n z e n e  2*024 18*5 53*35
T e t r a c h l o r e t h a n e  2*024 19 59*29
E t h y l e n e  b ro m id e  2*002 19 63*45
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Lowry ( J . C . S . ,  1898 , 587) h a s  a l r e a d y  exam ined t h e  
e f f e c t s  o f  a  num ber o f  s o l v e n t s  upon t h e  r o t a t i o n  o f  t h i s  com­
p o und  and  h a s  fo u n d  i n  each  p r a c t i c a l l y  c o n s t a n t  r o t a t i o n .
As t h e  ab o v e  t a b l e  show s, h o w ev e r ,  a t  low c o n c e n t r a t i o n ,  w here  
s o l v e n t  i n f l u e n c e  i s  a t  i t s  g r e a t e s t ,  d e f i n i t e  c h a n g e s  a r e  ob­
s e r v a b l e  and  f u r t h e r  t h e  s o l v e n t  o r d e r  i s  e s s e n t i a l l y  t h e  same 
a s  t h a t  a l r e a d y  fo u n d  f o r  r e l a t e d  s u b s t a n c e s .  The r e l a t i v e ­
l y  h i g h  r o t a t i o n  d i s p l a y e d  i n  c o n c e n t r a t e d  s u l p h u r i c  a c i d  i s  a t  
o n ce  s t r i k i n g  and  d i s a p p o i n t i n g  and s u g g e s t s  t h a t  t h e  p o te n c y  
o f  t h i s  s o l v e n t  i s  d e p e n d e n t  upon t h e  r e a c t i v i t y  o f  t h e  c a r b o n y l  
g ro u p  w h ic h  i s  known t o  be lo w e re d  by t h e  p r e s e n c e  o f  an  a - h a l o -  
g en  — e . g . ,  t h e  k e to  g ro u p  i n  a  h a l o g e n a t e d  camphor d o es  n o t  
c o n d e n s e  w i t h  h y d ro x y la m in e  and  i s  l e s s  v u l n e r a b l e  t o  o x i d a t i v e  
a t t a c k ,  e t c .
R e f e r e n c e  t o  t h e  T-R d a t a  ( p .4 2 )  w h ich  w e re  o b t a i n e d  f o r  
t h i s  compound i n  a l c o h o l  s o l u t i o n  shows t h a t  t e m p e r a t u r e  a l s o  
h a s  o n ly  a  s l i g h t  e f f e c t  on t h e  r o t a t i o n  — t h e  v a l u e s  o b t a i n e d  
a p p e a r  t o  l i e  i n  t h e  im m ed ia te  n e ig h b o u rh o o d  o f  a  maximum 
p o i n t  ( F ig .  3 ) .
C a m p h o r - 1 0 - s u lp h o n ic  a c i d  ( R e v c h l e r ' s  A c id )*
The a c i d  was p u r i f i e d  by two c r y s t a l l i s a t i o n s  from  
g l a c i a l  a c e t i c  a c i d  f o l l o w e d  by t h r e e  f u r t h e r  c r y s t a l l i s a t i o n s  
f ro m  a n h y d ro u s  e t h y l  a c e t a t e ,  and  b e f o r e  e a c h  p o l a r i m e t r i c  
e x a m i n a t i o n  t h e  p r o d u c t  w as h e a t e d  i n  an  a i r  oven f o r  one h o u r  
a t  105 -  1 1 0 °C t o  rem ove t r a c e s  o f  m o i s t u r e .
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Tile s t r o n g  p o l a r  c h a r a c t e r  o f  R e y c h le r 1s a c i d  r e s u l t ­
ing, i n  i t s  s p a r i n g  s o l u b i l i t y  in  o r g a n ic  s o l v e n t s  p r e v e n te d  any 
a t t e m p t  t o  s tu d y  t h e  e f f e c t  o f  t h e s e  s o l v e n t s  upon i t s  r o t a t o r y  
p o w e r .  As i n  t h e  c a s e  o f  cam phor, h o w ev e r ,  s u l p h u r i c  a c i d  
e x e r t s  a  v e r y  p o w e r fu l  d e p r e s s i n g  i n f l u e n c e  on t h e  r o t a t i o n  
w h ic h  i s  a g a i n  p r o p o r t i o n a l  t o  t h e  aq u eo u s  c o n c e n t r a t i o n  o f  t h e  
s o l v e n t  a c i d  and  i s  s t r o n g l y  n e g a t i v e  i n  t h e  c o n c e n t r a t e d  s o l ­
v e n t .  M o re o v e r ,  u n l i k e  cam phor, t h e  compound i s  v e r y  s o lu b l e  
i n  w a t e r  i n  w h ich  i t  e x h i b i t s  s t r o n g  p o s i t i v e  r o t a t i o n s ,  so t h a t  
w i t h i n  t h e s e  f a i r l y  w ide  l i m i t s  i t  i s  p o s s i b l e  to  r e a l i s e  any 
d e s i r e d  r o t a t i o n a l  r e g i o n .  I t  i s ,  p e r h a p s ,  n o t  unw orthy  o f  
n o t e  t h a t  s i n c e  a c i d s  d e p r e s s  t h e  r o t a t i o n  i n  t h e  camphor s e r i e s  
g e n e r a l l y ,  cam p h o r-1 0 - s u l p h o n i c  a c i d  may s u f f e r  a u to  r o t a t i o n a l  
d e p r e s s i o n  i n  s o l u t i o n .  C e r t a i n l y  i t  i s  t h e  c a s e  t h a t  t h e  
r o t a t i o n s  o f  i t s  m e th y l  and  e t h y l  e s t e r s  th o u g h  a lm o s t  i d e n t i c a l  
w i t h  e a c h  o t h e r  ( s e e  l a t e r )  a r e  d e f i n i t e l y  h i g h e r  th a n  t h a t  o f  
t h e  p a r e n t  a c i d ,  b u t  t h e  q u e s t i o n  i s  d o u b t l e s s  c o m p l ic a te d  by 
o t h e r  f a c t o r s .
I n  a q u e o u s  s o l u t i o n  i n c r e a s e  i n  t e m p e r a tu r e  p ro d u c e d  
i n c r e a s e  i n  r o t a t i o n  f o r  a l l  c o l o u r s  o f  l i g h t  exam ined. The 
d a t a  w i l l  b e  fo u n d  i n  t h e  T-R t a b l e s  i n s e r t e d  a t  t h e  end o f  
t h i s  t h e s i s  a n d  when r e p r e s e n t e d  in  g r a p h i c a l  form  y i e l d  a  s l i g h t ­
l y  d i v e r g e n t  s e t  o f  p r a c t i c a l l y  s t r a i g h t  l i n e s  each  c o r r e s p o n d in g  
t o  one  wave l e n g t h  o f  l i g h t .  I n  s u l p h u r i c  a c i d  s o l u t i o n  th e  
r a n g e  o f  i n v e s t i g a t i o n  was a g a in  l i m i t e d  d e c o m p o s i t io n  
b e g i n s  a b o v e  30°C — b u t  a s  w i l l  be s e e n  fro m  t h e  f o l lo w in g
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r e s u l t s  o b t a i n e d  i n  a q u e o u s  s u l p h u r i c  a c i d ,  t h e  r o t a t i o n  h e r e
a l s o  i n c r e a s e s  i n  a  p o s i t i v e  s e n s e  w i th  r i s e  i n  t e m p e r a t u r e ; -
Temp. D e n s i ty  La] La] La] La] [ a ]
y S to v
0°C 1*552 -1 * 7 7 1  -1 *181  +0*2952 +5*903 +22*14
18°C 1*537 +0*2982 +1*49 +2*683  +8*050 +25*34
p = 3*637.
The s o l v e n t  e f f e c t s  o f  s u l p h u r i c  an d  d i l u t e d  s u l p h u r i c  
a c i d s  t o g e t h e r  w i t h  t h e  d i s p e r s i o n  d a t a  f o r  t h e  v a r i o u s  s o l u ­
t i o n s  a r e  su m m arised  i n  t h e  n e x t  t a b l e  — no p r e l i m i n a r y  p u r i ­
f i c a t i o n  o f  t h e  a c t i v e  compound b e in g  n e c e s s a r y  (C f. camphor) 
t o  g i v e  c o l o u r l e s s  s o l u t i o n s ; -  
S o l v e n t  Temp.
H2 S04 h2 o Gone. °G. [ a ]
r 2 La]y
[ a ]
g
[ a ]
D
P i_i <
ll) conc . h 2 s o 4* 2*052 19 -38 * 9 7 -4 9 * 2 -5 9 * 4 4 -70*17 -9 4 * 5 2
(2) conc. h 2 s o 4 2*052 18*8 -3 7*06 -46*29 -55*07 -65*79 -8 6 * 7 4
(3) 19*80 gm 4*82 gm 2*075 19*6 -1 4 * 4 5 -16*87 -18*79 -19*28 -16*39
(4) 44*24 11 15*09 " 2*054 18*7 -6*327 -6*814 -7*30 -4*38 +6*57
(5) 19*72 " 9*97 2*059 14*5 +0*971 +1*942 +3*4 +10*69 +26*23
ii
in
1*8429
E x p e r im e n t s  1 ,  3 ,  4 an d  5 w ere  c o n d u c te d  w i t h  t h e  m ain  
b u i l t  o f  t h e  h i g h e r  b o i l i n g  d i s t i l l a t e  from  b en c h  s u l p h u r i c  a c i d  
( c o n c . )  w h i l s t  t h e  s a m p le  u s e d  i n  Exp. 2 h a d  a  s t i l l  h i g h e r  B . P . ,  
a n d  c o n t a i n e d  a  g r e a t e r  p r o p o r t i o n  o f  d i s s o l v e d  t r i o x i d e .
The d i s p e r s i o n  d a t a  a r e  s e t  o u t  i n  g r a p h i c a l  fo rm  i n  
P i g .  2 ,  w h ic h  a l s o  c o n t a i n s  t h e  d i s p e r s i o n  r e s u l t s  o b t a i n e d  
f ro m  t h e  e x a m i n a t i o n s  o f  t e m p e r a t u r e  change  a l r e a d y  m e n t io n e d .
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The f a m i l y  o f  c u r v e s  so  p ro d u c e d  i s  v e r y  s i m i l a r  t o  t h a t  
d e s c r i b e d  f o r  cam phor. W ith  d e c r e a s i n g  w a v e - l e n g t h ,  th e
r o t a t i o n  i n  c o n c e n t r a t e d  s u l p h u r i c  a c i d  s o l u t i o n  assu m es  h ig h  
n e g a t i v e  v a l u e s  w h e re a s  i n  a q u e o u s  s o l u t i o n  t h e  r o t a t i o n  r i s e s  
t o  h i g h  p o s i t i v e  v a l u e s .  I n  p a s s i n g  from  t h e  one ty p e  t o  t h e
o t h e r  v i s i b l e  a n o m a lo u s n e s s  i s  e n c o u n te r e d  i n  t h e  n e g a t i v e  
r e g i o n ;  t h u s  w i t h  7SgE s u l p h u r i c  a c i d  a s  s o l v e n t ,  t h e  d i s p e r s i o n  
c u r v e  c r o s s e s  t h e  z e r o  a x i s ,  shows a  minimum and  p o s s i b l y  a l s o  a  
p o i n t  o f  i n f l e x i o n ;  a  minimum p o i n t  i s  a l s o  shown i n  t h e  c o r ­
r e s p o n d i n g  c u r v e  o b t a i n e d  in  80$ s u l p h u r i c  a c i d .
I n  g e n e r a l ,  t h e r e f o r e ,  i t  may be i n f e r r e d  t h a t  i n  t h e  
f o r m a t i o n  o f  R e y c h l e r ' s  a c i d  no v e r y  fu n d a m e n ta l  change  h a s  
b e e n  w ro u g h t  upon  t h e  r o t a t i o n  o f  t h e  cam phor m o le c u le .
M e th y l  an d  e t h y l  c a m p h o r - lO - s u lp h o n a te s .
The two s i m p l e s t  e s t e r s  o f  R e y c h l e r ' s  a c i d  e x h i b i t
r o t a t o r y  .powers w h ic h  a r e  a lm o s t  i d e n t i c a l  and  w h ic h ,  e x c e p t  
i n  t h e  c a s e  o f  b e n z e n e ,  a r e  p r a c t i c a l l y  c o n s t a n t  i n  t h e  s o l v e n t s  
e x a m in e d ; -
M e th y l  E s t e r . E s t e r .
S o l v e n t Temp. Conc. L a ] s Temp.
Conc. lcx ]g
A lc o h o l 1 6 -5 5*021 54*18 15*5 5*00 53*00
C h lo ro fo rm 17 4*928 56*2 16*5 1*124 53*39
E t h y l e n e  b ro m id e 16 5*157 56*23 17 1*03 52*43
N i t r o b e n z e n e 14 5*032 59*61
B en z en e 17 1*030 7 0 -8 7 14 1*116 70*79
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P e r h a p s  t h e  m o s t  i n t e r e s t i n g  r e s u l t  i s  t h e  change in  
s o l v e n t  o r d e r  fo u n d  h e r e .  W hereas  i n  t h e  c a s e  o f  camphor 
i t s e l f ,  t h e  a  h a l o g e n a t e d  cam phors a l r e a d y  d e s c r i b e d  and  th e  
pc h a l o g e n a t e d  c a m p h o r - s u lp h o n ic  d e r i v a t i v e s  s t i l l  t o  be  d e s ­
c r i b e d  b e n z e n e  s o l u t i o n s  e x h i b i t  lo w e r  r o t a t i o n s  th a n  e t h y l e n e  
b ro m id e  s o l u t i o n s ,  t h e  p r e s e n t  o r d e r  i s  t h e  r e v e r s e ,  th e  h i g h e s t  
r o t a t i o n s  b e i n g  fo u n d  i n  b e n z e n e .  T h is  r e v e r s e  o r d e r  i s  a l s o  
e n c o u n t e r e d  i n  t h e  c a s e  o f  m e th y l  cam phor- 'T T '-su lphonate  ( s e e  
l a t e r )  b u t  t h e  s i g n i f i c a n c e ,  i f  a n y ,  o f  t h e s e  s o l v e n t  o r d e r s  
c a n n o t  b e  e s t i m a t e d  a t  p r e s e n t .
The i n f l u e n c e  o f  t e m p e r a tu r e  was exam ined  f o r  t h e  m e th y l  
e s t e r  i n  a l c o h o l  s o l u t i o n  and  f o r  t h e  e t h y l  e s t e r  i n  b en zen e  
s o l u t i o n .  I n  e a c h  c a s e  t e m p e r a t u r e  i n c r e a s e  i s  accom p an ied  
by  d e c r e a s e  i n  s p e c i f i c  r o t a t i o n  th o u g h  i n  t h e  f i r s t  c a s e  t h e  
d e c r e a s e  i s  v e r y  s l i g h t ,  i n d i c a t i n g  t h a t  t h e  T-R cjarve i s - h e r e  
a t  o r  j u s t  b ey o n d  a  maximum v a l u e  ( P ig .  3 ) .  
C a m p h o rsu lp h o n a n h y d ra m id e .
A l th o u g h  i n  t h i s  compound t h e  fu n d a m e n ta l  camphor b a s i s  
i s  r e t a i n e d ,  t h e  m o l e c u l a r  s t r u c t u r e  h a s  b e e n  s u b j e c t e d  t o  c o n ­
s i d e r a b l e  a l t e r a t i o n  — a  new r i n g  CH2-------
1 -s y s te m  h a s  b e e n  i n t r o d u c e d  CH2 ---------- G
i n v o l v i n g  t h e  r e p l a c e m e n t  o f  I
. v----------------------------------------------- GH?----------- CH-------- GH?>C = 0 by >C = N — . 2
F o r  r o t a t i o n  p u r p o s e s  t h e  m a t e r i a l  was c r y s t a l l i s e d  f o u r  t im e s  
f ro m  g l a c i a l  a c e t i c  a c i d  and  d r i e d  i n  t h e  a i r  oven a f t e r  any 
a d h e r i n g  s o l v e n t  h a d  b e e n  rem oved by w a s h in g  w i t h  d i s t i l l e d
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w a t e r .  Owing t o  s o l u b i l i t y  r e s t r i c t i o n s  no s t r i c t  co m p ar iso n  
o f  s o l v e n t - r o t a t i o n  e f f e c t s  c o u ld  be made w i t h  t h e  o t h e r  com­
p o u n d s ,  b u t  a s  t h e  t a b l e  show s, s i m i l a r  s o l v e n t  t y p e s  a c t  in  
t h e  same way a s  w i t h  cam phor th o u g h  i n  t h e  p r e s e n t  c a s e  a l l  
r o t a t i o n s  a r e  n e g a t i v e  i n  s i g n .
S o l v e n t Temp. Conc. [ a ]
g
S u l p h u r i c  a c i d 17 1*162 -9 9 * 8 2
A n i l i n e 16 4*95 -7 4 * 5 4
N i t r o b e n z e n e 1 6 - 5 3*99 -54 * 7 6
C h lo r o fo r m 14 3*462 -3 9 * 5 6
T e t r a c h l o r e t h a n e 1 7 - 5 5*116 -3 7 * 1 5
Thus i n  t e t r a c h l o r e t h a n e  -  c o m p a ra b le  w i t h  e t h y l e n e  
b ro m id e  -  t h e  h i g h e s t  ( p o s i t i v e )  r o t a t i o n  i s  e x h i b i t e d , w h i l s t  
i n  s u l p h u r i c  a c i d  t h e  l o w e s t  r o t a t i o n  i s  o b t a i n e d  and  i n t e r ­
m e d i a t e  v a l u e s  a r e  fo u n d  i n  t h e  n i t r o g e n  b a s e s  (C f .  p y r i d i n e ,  
c a m p h o r ) .  The d e p r e s s i n g  e f f e c t  o f  s u l p h u r i c  a c i d  w h ich  
p e r s i s t s  h e r e  w o u ld  i n d i c a t e  t h a t  i f  i n  t h e  k e to  compounds t h e  
a c t i o n  i s  c o n n e c te d  w i t h  t h e  =C=0 g r o u p ,  i t  i s  a l s o  o p e r a t i v e  
w i t h  t h e  g ro u p  =C=N- (C f .  n i c o t i n e  i n  H2 SO4 , P a t t e r s o n  and 
P u l t o n ,  J . C . S . ,  1 9 2 5 ,  6 6 1 ) .
The c h a n g e  o f  r o t a t i o n  w i t h  t e m p e r a t u r e  w as exam ined  i n  
a n i l i n e  a n d  i n  t e t r a c h l o r e t h a n e  s o l u t i o n s .  I n c r e a s e  o f  tem ­
p e r a t u r e  was fo u n d  t o  p ro d u c e  an  i n c r e a s e  i n  ( p o s i t i v e )  r o t a t i o n *  
i n  e a c h  c a s e ? t h e  r a t e  o f  i n c r e a s e  b e i n g  g r e a t e r  i n  t h e  l a t t e r  
s o l u t i o n  w h i l s t  i n  t h e  f o rm e r  t h e  T-R c u rv e  a p p e a r s  to  become 
c o n v e x  t o  t h e  z e ro  a x i s .
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The E s t e r s  an d  Amide o f  a  C h lo r o c a m p h o r - lO - s u lp h o n ic  a c i d .
The m e th y l  a n d  e t h y l  e s t e r s  o f  a  c h lo ro c a m p h o r -1 0 -  
s u l p h o n i c  a c i d  may c o n v e n i e n t l y  he c o n s i d e r e d  in  c o n ju n c t io n  
w i t h  t h e  c o r r e s p o n d i n g  am id e .  S o l v e n t  i n f l u e n c e  on th e  
r o t a t i o n  o f  t h e  e s t e r s  i s  sum m arised  i n  t h e  n e x t  t a b l e ,  th e  
am id e  b e i n g  to o  i n s o l u b l e  to  p e r m i t  o f  a  c o m p a r a t iv e  s t u d y • -
M e th y l E s t e r • E t h y l  E s t e r .
S o l v e n t Temp. Conc. [ a ]
g
Temp. Conc. [ a ]
g
B en zen e 17*5 1*152 77*27 17 1*068 77*71
A lc o h o l 17 1*112 109*7 18 1*008 110*2
C h lo ro fo rm 17*5 1*104 113*2 ------------
E t h y l e n e  b ro m id e 17*5 1*130 120*3 17 1*084 121*7
Amide i n p y r i d i n e C a i*ooi,*  L
-1*6*5
a j  * 
g
98*91 .
I t  w i l l  b e  s e e n  t h a t ,  even  more so t h a n  i n  t h e  c a s e  o f  
t h e  u n h a l o g e n a t e d  e s t e r s ,  t h e  r o t a t i o n  v a l u e s  f o r  t h e  two com­
p o u n d s  a g r e e  v e r y  c l o s e l y .  T h e re  i s ,  h o w e v e r ,  a  g r e a t e r  
r o t a t i o n a l  r a n g e  p r o d u c e d  by s o l v e n t  i n f l u e n c e  and  t h e  s o l v e n t  
o r d e r  i s  a g a i n  t h a t  f o u n d  f o r  camphor an d  t h e  m a j o r i t y  o f  i t s  
d e r i v a t i v e s  ex am in ed  h e r e .
The e x a m in a t io n  o f  t e m p e r a t u r e  change  gave  r e s u l t s  o f  
some i n t e r e s t .  S o l u t i o n s  o f  e a c h  e s t e r  a t  a p p r o x im a te ly  th e  
same c o n c e n t r a t i o n  i n  b e n z e n e  g av e  T-R c u r v e s  w h ic h ,  a s  was 
e x p e c t e d ,  w e re  p r a c t i c a l l y  s u p e r im p o s a b le ,  t h e  s p e c i f i c  r o ­
t a t i o n  r i s i n g  a p p r e c i a b l y  w i t h  i n c r e a s e  i n  t e m p e r a t u r e .  I n  
e t h y l e n e  b ro m id e  s o l u t i o n  a  s l i g h t  b u t  d e f i n i t e  d e c r e a s e  i n
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r o t a t i o n  ac c o m p a n ie d  t e m p e r a t u r e  i n c r e a s e  ( o n ly  t h e  m e th y l  
e s t e r  b e i n g  exam ined  a s  t h e  o t h e r  w ould  g i v e  s i m i l a r  r e s u l t s ) .  
The am ide  i n  p y r i d i n e  s o l u t i o n ,  f o r  t h e  h i g h e r  wave l e n g t h s  o f  
l i g h t  a t  l e a s t ,  showed f i r s t  i n c r e a s e  f o l l o w e d  by a  s l i g h t  d e ­
c r e a s e  i n  r o t a t i o n  w i t h  c o n t in u o u s  i n c r e a s e  i n  t e m p e r a t u r e .
The T-R c u r v e  f o r  t h e  am ide  i s  e v i d e n t l y  j u s t  a t  a  maximum 
v a l u e  a n d  f i t s  i n  v e r y  w e l l  b e tw een  t h e  c u r v e s  f o r  th e  e s t e r s  
i n  b e n z e n e  and  e t h y l e n e  b ro m id e  r e s p e c t i v e l y .  M oreover  t h e  
w h o le  b e h a v i o u r  i s  v e r y  s i m i l a r  t o  "that a l r e a d y  o b s e rv e d  among 
t a r t r a t e s ,  f o r  t h e  r o t a t i o n s  o f  t h e  am ide b e in g  h i g h e r  t h a n  
t h o s e  o f  t h e  e s t e r s  i n  b e n z e n e ,  i n c r e a s e  l e s s  r a p i d l y  (and 
f i n a l l y  d e c r e a s e )  w i t h  r i s e  i n  t e m p e r a t u r e  b u t  t h e  v a l u e s  a r e  
n o t  so  h i g h  a s  t h o s e  o f  t h e  m e th y l  e s t e r  i n  e t h y l e n e  b rom ide  f o r  
w h ic h ,  c o n s e q u e n t l y ,  t h e  r o t a t i o n  d e f i n i t e l y  d im in i s h e s  w i t h  i n ­
c r e a s e  i n  t e m p e r a t u r e .  The d a t a  ( s e e  t a b l e s ,  p .  43  ) a r e  
r e p r e s e n t e d  g r a p h i c a l l y  i n  F i g .  4 .
The E s t e r s  a n d  Amide o f  a  B ro m o c a m p h o r-1 0 -su lp h o n ic  a c i d .
The b e h a v i o u r s  o f  t h e s e  compounds (m e th y l  and e t h y l  
e s t e r s  a n d  am id e)  c o r r e s p o n d  c l o s e l y  w i t h  t h o s e  o f  t h e  oc c h lo r o  
d e r i v a t i v e s  j u s t  d e s c r i b e d ,  t h e  bromo compounds h a v in g  t h r o u g h ­
o u t  h i g h e r  r o t a t i o n a l  v a l u e s .  The f o l l o w i n g  t a b l e  g i v e s  t h e  
s o l v e n t  i n f l u e n c e s : -
- 3 6 -  
M e th y l  E s t e r •
S o l v e n t . Temp. Conc. l a j g
B en zen e 16 1*01 112*9
A lc o h o l 17 1*178 140*1
C h lo ro fo rm 16 1*044 141*4
E t h y l e n e  b ro m id e
E th y l  E s t e r .
Temp. Conc. [ a ] s
18 1*000 113*0
17 1*000 138*0
18 1*006 140*2
17 1*122 161*4
-l1 6Amide I n  p y r i d i n e  c = 1*026 ; LocJ = 139*3
W ith  r e g a r d  t o  t h e  T-R d a t a  t h e  s p e c i f i c  r o t a t i o n  o f  
t h e  e s t e r s  i n  b e n z e n e  i n c r e a s e d  and  i n  e t h y l e n e  b rom ide  d e ­
c r e a s e d  w i t h  r i s e  i n  t e m p e r a t u r e .  The am ide i n  p y r i d i n e
s o l u t i o n ,  h o w e v e r ,  d i d  n o t  show a  maximum v a l u e  b u t  d e c r e a s e d  
i n  r o t a t i o n  c o n t i n u o u s l y  w i t h  i n c r e a s e  i n  t e m p e r a t u r e ,  i n d i c a t ­
i n g  t h a t  t h e  maximum h a d  a l r e a d y  b e e n  p a s s e d .
The Camphor-Tr- d e r iv a tiv e s .
B e f o r e  p r o c e e d i n g  t o  a  d e s c r i p t i o n  o f  t h e  r e s u l t s  ob­
t a i n e d  w i t h  t h e  T T - d e r i v a t i v e s ,  i t  i s  p e r h a p s  d e s i r a b l e  t o  p o i n t  
o u t  t h a t ,  a s  w i l l  b e  s e e n  by r e f e r e n c e  t o  t h e  s t r u c t u r a l  f o rm u la  
f o r  cam phor (p .  3 ) ,  s u b s t i t u t i o n  i n  t h i s  p o s i t i o n  i n t r o d u c e s  a  
new a s y m m e tr ic  c a r b o n  a tom  i n t o  t h e  cam phor s y s te m  and  c o n s e ­
q u e n t l y  i n  t h e  s im p le  T f - d e r i v a t i v e s  t h r e e  c e n t r e s  o f  asym m etry  
e x i s t ,  w h i l s t  i n  t h e  a  h a l o g e n a t e d  T T - d e r i v a t i v e s  t h a t  num ber i s  
i n c r e a s e d  t o  f o u r .
M e th y l  camphor-TT- s u l p h o n a t e .
T h i s  compound i s ,  u n f o r t u n a t e l y ,  t h e  s o l e  r e p r e s e n t a t i v e
-37
o f  “th e  s im p le  TT— d e r i v a t i v e s  exam ined  h e r e  —- a  c o n se q u e n c e  o f  
t h e  d i f f i c u l t y  e x p e r i e n c e d  i n  o b t a i n i n g  t h e s e  compounds in  
q u a n t i t i e s  s u i t a b l e  f o r  s a t i s f a c t o r y  p u r i f i c a t i o n .
A f t e r  r e p e a t e d  c r y s t a l l i s a t i o n  from  m e th y l  a l c o h o l  th e  
f o l l o w i n g  r o t a t i o n a l  v a l u e s  w ere  o b t a i n e d : -  
S o l v e n t  Temp. Conc.
A lc o h o l  18 1*046
E t h y l e n e  b ro m id e  18 1*056
B en zen e  18 1*054
The s o l v e n t s  f a l l  i n t o  t h e  same o r d e r  a s  i n  t h e  c a s e  
o f  t h e  e s t e r s  o f  R e y c h l e r 1 s  a c i d  Ip . 31 ) th o u g h  i n  t h e  p r e s e n t  
c a s e  t h e  r a n g e  i s  s l i g h t l y  g r e a t e r  and  t h e  i n d i v i d u a l  v a l u e s  
h i g h e r .  T h i s  l a s t  f a c t  may, p e r h a p s ,  be  a t t r i b u t e d  t o  t h e  new 
a s y m m e tr ic  c e n t r e .
I n  so  f a r  a s  t e m p e r a t u r e  chan g e  i s  c o n c e rn e d  t h e  e s t e r  
d i f f e r s  m a r k e d ly  from  t h e  e s t e r s  o f  R e y c h l e r 1 s  a c i d  i n  t h a t  b o th  
i n  a l c o h o l  an d  i n  b e n z e n e  i n c r e a s e  o f  t e m p e r a t u r e  p ro d u c e s  i n ­
c r e a s e  a n d  n o t  d e c r e a s e  i n  s p e c i f i c  r o t a t i o n  and, i n  c o n t r a s t  to  
t h e  g e n e r a l i s a t i o n  s u g g e s t e d  on p ag e  27 , t h e  r a t e  o f  i n c r e a s e  
a p p e a r s  t o  b e  g r e a t e r  i n  b e n z e n e  s o l u t i o n .
The M e th y l  E s t e r  a n d  Amide o f  a  C h lo ro c a m p h o r -T T -s u lp h o n ic  a c i d .
The r o t a t i o n  o f  t h e  e s t e r  was exam ined  i n  two s o l v e n t s  
o n l y ,  v i z .  i n
2  °
(1 ) b e n z e n e ,  . .  c = 1 * 0 3 8 ,  Lot] = 84*78
©
(2) e t h y l e n e  b r o m id e ,  c = 1 * 0 2 4 ,  Lai!.7 = 119*1
r §
w h i l s t  t h a t  o f  t h e  a m id e  was exam ined  in .*-
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p y r i d i n e ,  c = 0 * 7 7 9 1 , [ a j  = 107*5 .
E x a m in a t io n  o f  t e m p e r a t u r e  e f f e c t  upon each  o f  t h e s e  
s o l u t i o n s  (C f .  T-R d a t a )  r e v e a l e d  t h a t  i n  c o n t r a s t  t o  t h e  
c o r r e s p o n d i n g  a  c h l o r o c a m p h o r -1 0 - s u lp h o n y l  d e r i v a t i v e s  i n c r e a s e  
i n  t e m p e r a t u r e  p r o d u c e s  i n c r e a s e  i n  s p e c i f i c  r o t a t i o n  i n  a l l  
c a s e s  -  t h e  r a t e  o f  i n c r e a s e  b e in g  g r e a t e s t  i n  b e n z e n e  and  
l e a s t  i n  e t h y l e n e  b ro m id e  s o l u t i o n .
The Methyl E ster and Amide of a  Bromo camphor-if -sulphonic acid . 
The fo llow in g  ta b le  contains the ro ta tion  values of
t h e  m e th y l  e s t e r  i n  s e v e r a l  s o l v e n t s ; -
S o l v e n t Temp. Conc. [ a ] g
B en z en e 16 1*026 100*9
A lc o h o l 17 1*028 120*6
C h lo ro fo rm 17 1*044 120*7
E t h y l e n e  b ro m id e 16 1*092 131*9
The am ide i n  p y r i d i n e  s o l u t i o n ,  c * 1 * 0 5 6 ,  h ad  Lex] *  133*1 .
T e m p e r a t u r e - r o t a t i o n  d a t a  w ere  o b t a i n e d  f o r  t h e  e s t e r  
i n  b e n z e n e  an d  i n  e t h y l e n e  b ro m id e  s o l u t i o n s  and  f o r  t h e  amide 
i n  p y r i d i n e  s o l u t i o n  (p .  47 ) .  The r e s u l t s  w ere  v e r y  s i m i l a r
t o  t h o s e  f o r  t h e  c h l o r o  compound j u s t  d e s c r i b e d .
ex TT D ibrom ocam phor.
T h i s  compound w as i n c l u d e d  i n  t h e  s tu d y  f o r  c o m p a r iso n  
w i t h  t h e  o t h e r  h a l o g e n a t e d  cam phors  a l r e a d y  d e s c r i b e d .  As 
w i l l  b e  s e e n  f ro m  t h e  f o l l o w i n g  t a b l e ,  s o l v e n t s  i n f l u e n c e  t h e
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r o t a t i o n  v e r y  m a rk e d ly  .*-
S o l v e n t Temp. Conc. [ a ] g
S u l p h u r i c  a c i d 16 1*056 84*96
B en z en e 16 1*032 106*6
A lc o h o l 16 1*028 127*5
E t h y l e n e  b ro m id e 16 1*048 144*1
C o n c e n t r a t e d  s u l p h u r i c  a c i d  y i e l d s  t h e  s o l u t i o n  o f  lo w e s t  
s p e c i f i c  r o t a t i o n  w h i l s t  t h e  o r d e r  among t h e  o r g a n i c  s o l v e n t s  
i s  t h e  same a s  t h a t  f o u n d  in  t h e  m a j o r i t y  o f  c a s e s  a l r e a d y  
s t u d i e d .
T e m p e r a t u r e - r o t a t i o n  change was f o l l o w e d  i n  s o l u t i o n s  
i n  b e n z e n e  an d  i n  e t h y l e n e  b ro m id e  -  i n c r e a s e  i n  t e m p e r a tu r e  
p r o d u c i n g  i n c r e a s e  i n  s p e c i f i c  r o t a t i o n  i n  b o th  c a s e s ,  th e  
r a t e  o f  i n c r e a s e  b e i n g  g r e a t e s t  i n  t h e  f o r m e r  s o l v e n t .  I n  
c o m p a r i s o n  w i t h  t h e  o t h e r  compounds ex am in ed  t h e  d i s p e r s i o n  
i n  t h e  p r e s e n t  c a s e  was n o t i c e a b l y  g r e a t ,  a  f a c t  w h ich  i s  
r e f e r r e d  t o  l a t e r .
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T e m p e r a t u r e - R o t a t i o n  D a ta .
The wave l e n g t h s  ( i n  l u ) o f  t h e  l i g h t  u s e d  a r e  
d e n o te d  hy t h e  f o l l o w i n g  l e t t e r s ; -
r 2 y g b V
6234  5790 5461 4916 4359
* gm. o f  s o l u t e  p e r 100 gm. s o l u t i o n .
Temp. °C D e n s i ty La]
y
[ a ]
g
[ a ]
b
C a m p h o r - 1 0 - s u lp h o n ic  a c i d i n  w a t e r p  = 9*709
11*5 1*029 +17*52 22*21 27*58 42*98 75*44
33*2 1*022 19*08 24*31 30*04 45*65 79*86
52*0 1*014 20*76 26*16 31*93 48*32 83*35
70*0 1*004 22*25 27*57 33*86 51*17 86*76
92*1 0*9892 23*82 29*74 36*18 53*75 90*97
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T emp. ° C D e n s i ty La]
r 2
La]
y
La]g [ a ]
b
[ a ]
V
a*-C h lo rocam phor  i n  b en zen e  p = 6*873 .
14 0*8964 +62*59 74*76 87*34 118*1 178*3
2 7 -8 •8824 65*63 78*72 91*81 124*7 188*4
42 •8672 69*52 82*41 96*36 130*1 197*9
6 3 -5 •8443 72*59 87*34 1 0 2 -2 139*5 211*6
a -C h lo ro c a m p h o r  i n e th y le n e b ro m id e p -  3*193
13*5 2*124 103*9 124*4 146*1 200 *3 304*5
29*8 2 * 093 104*7 125*3 147*3 202*1 307*8
5 4 -4 2*044 104*9 126*9 1 4 8 -9 204*3 311*6
68*8 2*015 105*7 127*5 149*7 205*0 313*9
89 *0 1*974 106*4 128*6 150*9 206*9 317*0
a-Bromo camphor i n b en zen e p = 6*688
15 0*9035 105*1 126*0 147*7 200*9 301*8
28*7 *8896 107*3 128*8 151*0 205*0 309*4
45 •8720 109*6 131*8 154*6 210*1 317*9
61*8 •8537 111*9 134*8 158*1 215*1 326*9
a-Bromo cam phor i n e t h y l e n e b ro m id e p = 3*226
15 2*144 135*2 162*7 191*1 261*6 406*5
32*5 2*110 136*0 163*9 192*2 264*2 410*1
45 2*084 137*2 164*0 193*0 265*6 4 1 2 -2
59*5 2*055 1 3 7 -5 164*3 194*0 266*9 414*6
84*3 2*004 137*8 165*7 1 9 5 -1 268*1 418*4
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T emp. ° C D e n s i ty La]
r 2 La]_ 7
La]
g
LaJt, La] V
occx Dibromocamphor in  aJLcohol p = 5*072
0 0*8279 30*96 41*23 50*46 77*98 146*2
15*5 •8164 30*94 41*06 50*41 78*03 146*9
30 •8046 31*09 40*89 50*39 78*11 147*2
44*5 •7918 31*28 41 *09 50*58 77*82 146*3
62 •7756 31*30 41*15 50*21 77*54 145*7
Me t h y 1 camph o r  ■-1 0 - s u lp i io n a te  in a l c o h o l  p * 4*793
0 0*8206 38*30 46*57 54*51 76*28 118*2
1 3 •8104 37*66 46*5 53*74 75*63 116*9
32*5 •7945 36*93 44*81 53*50 74*67 116*1
42 •7862 36*32 44*79 53*08 .74*15 116*6
58*5 •7717 36*16 44*42 52*88 74*01 116*2
E t h y l  c a m p h o r -1 0 - s u lp h o n a te  i n  b e n z e n e  p * 3*148
10 0*8945 45*51 54*61 63*71 86*80 131*4
32*2 •8714 44*21 53*10 62*44 85*45 129*6
50*2 •8525 43*79 52*64 61*72 84*55 128*3
61 •8418 43*17 52*13 61*09 83*97 127*4
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Temp. °C D ensity Lot] La] [a L  [a], [a]2 y & b L Jy
Camphor-10-sulphonanhydrarnide in tetrachlorethane p » 3*162
0 1 -6 1 4 -2 9 -7 6 -3 4 -1 7 -3 8 -5 8 -4 7 -1 5 -5 9 -6 4
11*5 ' 1 -5 9 7 -2 9 -0 9 -3 3 -9 1 -3 7 -7 5 -4 6 -0 6 -5 7 -1 8
31*5 1 -5 6 7 -2 8 -0 1 -3 2 -0 4 -3 6 -2 1 -44*78 -5 5 -2 6
46 1 -5 4 6 -2 7 -3 6 -3 1 -3 1 -35*16 -4 3 -6 - 5 3 -8 3
6 3 -1 1 -5 2 2 -26*88 -30*91 -3 4 -5 4 -4 2 -2 1 -5 1 -6 9
8 7 -5 1 - 4 8 3 -2 6 -1 2 -2 9 -7 2 -3 3 -0 6 -3 9 -9 7 -49*04
Camphor su lp h o n an h y d ram id e  i n  a n i l i n e p = 4 -839
0 1 -0 4 7 -6 0 -3 3 - 6 9 -3 3 -7 9 -0 9 -9 9 -5 6 -1 3 1 -7
1 4 -7 1 -0 3 5 - 5 5 - 9 3 -6 5 -4 0 -7 4 -6 4 -9 4 -8 6 -1 2 5 -1
38*5 1 -015 -5 2 -3 0 -60 -09 -6 8 -8 7  ‘ -8 7 -5 8 -115*7
5 4 -4 1 -0 0 1 -5 0 -2 0 -5 8 -4 6 - 6 6 -7 3 -8 3 -5 1 -1 1 0 -8
6 7 -8 0*9901 - 4 8 -1 5 -5 6 -7 6 -6 4 -3 3 -7 9 -8 7 -105*4
84*2 •9767 - 4 6 -4 3 -5 4 -5 0 -6 1 -7 7 -7 6 -7 2 -100*
i/i e t h y l - a - ■chlorocamphor - 1 0 - s u lp h o n a te  i n b e n zen e p = 2-438
12*5 0 -8 9 2 5 52*29 63-20 72-97 9 7 -3 8 1 4 1 -4
3 3-5 •8708 53-89 64-77 74-78 101-0 1 4 8 -4
5 0 -5 •8529 55-91 66-41 76-65 104*6 1 54-8
66 •8375 57-2 4 67*97 78-66 107*7 1 6 1 -4
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Temp. °C D e n s i ty lot]
r 2
La]
y
[ a ]
g
La] b [ a ] T
M e th y l - a - c h lo r o c a m p h o r - 1 0 - s u lp h o n a te  in  e t h y l e n e  b rom ide
p B £-007
32*5 2*125 83*22 99*77 116*6 157*9 235*9
44 2*101 82-5 6 99*61 116*2 156*7 235*6
5 9 -5 2*070 8 2 -2 6 98*81 115*3 156*1 234*7
76*5 2*035 81*87 98*37 115*0 156*1 234*4
8 8 -8 2*009 81*37 98*11 114*5 155 *6 234*2
E th y l - a - c h l o r o c a m p h o r - 1 0 - s u l p h o n a t e  in  benzene P = 2*425
11 0*8932 51*07 61*16 70*98 94*06 137*4
33 •8708 52*98 64*22 73*98 98*24 144*7
49 •8541 54*31 66*37 76*03 102*0 150*9
65*1 •8376 55*69 68*00 77*82 104*6 156*6
a - C h lo r o  cam phor-10 - s u lp h o n a m id e  in  p y r i d i n e P = 3*682
10 1 * 0 0 3 69*68 83*05 96*23 128*7 187*9
29*5 0 *9856 70*09 83*35 96*79 128*8 189*8
47*7 •9674 70*20 83*70 97*21 130*0 191*3
68*5 •9464 70*13 83*20 96*85 130*2 192*1
M e th y l - a -b r o m o c a m p h o r -1 0 - s u lp h o n a te  i n  b en zen e P = 2*62
11 0*8970 79*52 94*95 111*2 149*7 222*1
30 •8770 81*06 96*83 113*4 152*9 227*2
46*5 •8594 82*45 98*26 115*2 155*2 232*4
59 •8457 83*22 98*74 116*8 156*9 235*8
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Temp . °C D e n s i ty  L a ]r „ La] La] [ a ] .  La]
X2 y  s  d v
E t h y l - a - •b ro m o c s m p h o r -1 0 -s u lp h o n a te  i n  b e n z e n e p * 2*386
11 0*8952 79*58 94*77 110*3 148*6 220*3
26*6 •8790 80*74 96*51 111*7 151*0 224*1
40 *8 •8644 81*81 97*86 113*3 153*6 228*4
63 •8418 83*70 99*86 116*1 157*1 234*3
E th y l - a - b r o m o c a m p h o r - 1 0 - s u l p h o n a t e  i n e t h y l e n e brom ide  
p = 1*939
10 2*176 103*7 125*0 145*9 197*0 295*6
28*5 2*140 102*8 124*1 145*0 196*2 295*4
48 2*100 102*7 123*4 144*7 196*4 294*8
68 2*059 1 0 2 * 3 123*2 144*3 195*8 295*2
85 2*024 102*5 123*0 144*2 195*8 294*8
a-Bromo cam phor - 1 0 - s u lp h o n a m id e i n  p y r i d i n e  p »  2*898
13*5 0 * 9 9 1 3 98*56 118*1 137*7 185*1 273*9
33-5 •9809 97*18 116*8 136*1 183*4 271*7
49 •9656 96*49 1 1 6*3 136*0 182*5 271*8
81 •9322 95*57 114*8 134*0 182*1 271*4
M e th y l cam phor-77 -■ su lp h o n a te i n  a l c o h o l p » 2*811
12 0*8071 79*07 96*96 116*0 165*9 265*6
24 •7964 79*56 97*16 116*4 166*6 268*0
41 •7818 8 0 -1 9 98*40 117*1 166*1 269*0
55 •7688 80*39 9 8 *63 117*7 167*4 270*7
Temp. °G D e n s i ty p i__
i 
, i
La]
y
La] b La]V
M e th y l camphor-Tr - s u lp h o n a te  in  b enzene  p = 2*302
14 0*8902 85-37 104*0 124*7 179*9 291*2
31 •8734 86*1 105-1 125*9 180*9 293*1
45 •8614 86 *66 105*5 126*7 181*5 294*3
65 •8392 88*31 107*6 128*4 184*7 296*6
M e th y l - a - c h lo ro c a m p h o r - ■tt- s u lp h o n a te  in b enzene  p = 2*013
14*8 0*8900 57*22 69*44 82*00 116*9 192*3
32*5 •8712 60*59 73*43 85*55 122*3 200*6
48 •8549 62*47 75-91 89*00 126*8 207*0
63 •8385 64*43 78*14 91*85 131*1 214*5
M e th y l-a -c h lo ro c a m p h o r -7 T  - s u lp h o n a te  in e th y le n e bromide
P * 1*527
14 2*154 82*10 99*19 117*0 165*5 263*4
36 2*109 83*66 100*5 119*6 170*5 271*0
59 2*062 84*55 102*6 121*9 172*1 274*6
79 2*019 85*92 104*3 123*4 174*5 278*1
a -C h lo ro c a m p h o r-7 7 -s u lp h o n a m id e  in  p y r i d i n e  p » 0*7861
14 0 * 9 9 1 3 74*59 92*23 107*5 150*8 243*9
41 *2 •9645 75*84 93*15 108-8 153*3 247*3
61*5 *9441 76*63 93*48 110*4 155*0 249*3
83-5 •9206 76*00 94*99 112*3 156*3 253*0
-47- •
Temp.°C D e n s i ty  [ a ]
*2
La]
y [ a ] b La]y
Ot TT  --Dibromoeamphor in b enzene p = 2*004
18*5 0*8882 73*38 88*84 106*4 154*5 258*8
36 •8698 75*6? 92*15 110*5 159*6 267*2
49 *2 •8551 77*69 94*48 113*4 163*8 273*2
63*3 •8399 79*84 96*56 115*9 167*5 279*3
a-rr -D ibrom oeam phor i n  e th y le n e  b rom ide p = 0*8226
15 2 -1 4 7 95*92 116*4 139*4 200*3 327*7
31 2*115 97*34 117*9 141*6 202*9 331*5
50 2 -0 7 5 98*11 119*3 143*2 204*3 335*4
72 2*028 99*26 120*6 144*6 206*1 340*6
M e th y l -a--bromo c a m p h o r -7 T -su lp h o n a te  in benzene p = 2*761
10 0*8982 68*31 82*68 97*79 137*9 216*3
32 •8742 71*48 86*76 1U2*3 142*8 226*9
49 •8574 74*20 89*25 105*1 147*1 234*2
62*5 •8431 76*20 91*31 107*4 150*7 239*5
M eth y l-a -b ro m o c a m p h o r- 'T T -su lp h o n a te  in e t h y l e n e brom ide 
p * 2*527
12 2*161 89*71 109*0 129*5 180*0 284*1
33 2*120 90*93 111*0 131*7 183*1 289*7
51*5 2 -0 8 2 92*41 112*8 133*5 186*0 294*2
81 2*020 94*61 114*9 136*2 189*5 300*9
-4 8 -
imp. °G D e n s i ty l<xjr La]
2 y
La]
g
,o
£5_i [ a ] T
a-Bromocamphor-TT -•sulphonainide i n  p y r id in e ! p = 1*064.
14 0*9931 94*66 114*8 133*1 186*4 295*2
34 •9740 94*10 115*8 135*1 188*9 299*8
55 •9519 95-6 8 117*3 137*1 192*6 305*6
83 •9232 96*12 119*1 140*1 196*7 313*7
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The fu n d a m e n ta l  s t a n d p o i n t  from  w hich  "the p r e s e n t  
i n v e s t i g a t i o n  h a s  b e e n  c o n d u c te d  i s  t h a t  w hich  h a s  a l r e a d y  
b e e n  e l a b o r a t e d  by P r o f e s s o r  P a t t e r s o n ,  more p a r t i c u l a r l y  in  
h i s  w ork  on t h e  o p t i c a l  r o t a t i o n  o f  th e  t a r t a r i c  e s t e r s ,  i n ­
v o l v i n g  t h e  a s s u m p t io n s  t h a t  a  c h em ica l  compound r e t a i n s  i t s  
i n d i v i d u a l i t y  i n  s o l u t i o n  and u n d e r  t h e  a p p l i c a t i o n  o f  te m p e ra ­
t u r e  ch an g e  and  f u r t h e r ,  t h a t  th e  r o t a t o r y  pow ers o f  s im p le  
d e r i v a t i v e s  b e a r  a  s im p le  and g r a d u a l  r e l a t i o n s h i p  to  t h a t  o f  
t h e  p a r e n t  compound i t s e l f .
S o l v e n t s ,  i n  p ro d u c in g  
c h a n g e s  i n  t h e  r o t a t i o n ,  
a r e  r e g a r d e d  a s  i n s t r u m e n t a l  
i n  d i s c l o s i n g  phenomena 
c h a r a c t e r i s t i c  o f  t h e  a c t i v e  
compound i t s e l f  and  o t h e r ­
w i s e  c a p a b le  o f  r e a l i s a t i o n  
g i v e n  t h e  n e c e s s a r y  a d j u s t ­
m en t  o f  a p p l i e d  f o r c e s .
T h u s ,  f o r  e x a m p le ,  t h e  i n ­
f l u e n c e  o f  t e m p e r a t u r e  c o u ld  
i t  be  a p p l i e d  o v e r  a  s u f f i ­
c i e n t l y  e x t e n s i v e  r a n g e  w o u ld , on t h i s  v ie w ,  p ro d u c e  upon e t h y l  
t a r t r a t e  t h e  r o t a t i o n a l  ch an g es  r e p r e s e n t e d  in  t h e  accom panying  
d i a g r a m ,  t h e  v a r i o u s  p a r t s  o f  w hich have  b een  r e a l i s e d  in  
p r a c t i c e  by t h e  u s e  o f  s o l v e n t s  o r  by t h e  f o r m a t io n  o f  s im p le
d e r i v a t i v e s  o r  by a  c o m b in a t io n  o f  t h e s e  two a g e n c ie s  ( J . G . S . ,
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1 916 , 1 1 3 9 J.
I n  t h e  c a s e  o f  camphor and i t s  d e r i v a t i v e s  c o m p li­
c a t i o n s  a r e  i n c u r r e d ,  f i r s t  by t h e  f o rm a t io n  o f  new asym m etric  
c e n t r e s  i n  many o f  i t s  d e r i v a t i v e s  and p e r h a p s  n o t  l e a s t  o f  
a l l  by  t h e  c o m p le x i ty  o f  t h e  m o le c u le  i t s e l f .  From th e  
p r e s e n t  i n v e s t i g a t i o n  i t  a p p e a r s  t h a t  two g ro u p s  o f  T-R c u rv e s  
( i . e . ,  t e m p e r a t u r e - r o t a t i o n  c u rv e s )  a r e  to  be d i s t i n g u i s h e d ,  v i z . ,
(1 )  t h o s e  f o r  camphor and R e y c h l e r ^  a c i d  in  s u l p h u r i c  a c i d  
t o g e t h e r  w i t h  t h o s e  f o r  cam phorsu lphonanhydram ide  in  a n i l i n e  and 
t e t r a c h l o r e t h a n e ,  w here t h e  r o t a t i o n s  a r e  n e g a t i v e  and  t h e  r o ­
t a t i o n  f o r  v i o l e t  l i g h t  i s  l e a s t  ( in  an a b s o l u t e  s e n s e ) ,  and
(2 )  t h o s e  f o r  camphor i n  o r g a n ic  s o l v e n t s ,  R e y c h le r 1s a c i d  i n  
w a t e r ,  i t s  e s t e r s  i n  o r g a n ic  s o l v e n t s  and a a  dibrom oeamphor i n
a l c o h o l ,  w h e re  t h e  r o t a t i o n s  a r e  p o s i t i v e  and th e  r o t a t i o n  f o r
v i o l e t  l i g h t  g r e a t e s t .  T h e re fo re  f o r  t h e  r o t a t i o n  f o r  v i o l e t
i n  t h e  f i r s t  g ro u p  t o  assum e t h e  p o s i t i o n  o f  t h e  r o t a t i o n  f o r
v i o l e t  i n  t h e  s e c o n d  g ro u p  o r  v i c e  v e r s a ,  an  a r e a  com parab le
w i t h  d e f  o f  t h e  d ia g ra m  m ust be  t r a v e r s e d .  In  p r a c t i c e ,  
th o u g h  o n ly  i n  t h e  a n a lo g o u s  c a se  o f  t h e  d i s p e r s i o n  c u r v e s ,  such  
an  a r e a  i s  e n c o u n te r e d  w i t h  camphor and w i th  R e y c h le r  s a c i d  i n  
d i l u t e  s u l p h u r i c  a c i d .  W ith  r e g a r d  t o  t h e  minima a b ,  lmn in  
t h e  t a r t a r i c  s e r i e s  n o t h i n g  com parab le  h a s  so f a r  been  fo u n d  in  
t h e  cam phor s e r i e s ,  b u t  th e  T-R c u rv e s  o b ta in e d  w i th  th e  e s t e r s  
o f  R e y c h l e r 1 s  a c i d  c o r re s p o n d  t o  t h e  t a r t r a t e  r e g i o n  h ik  and 
im p ly  t h e  e x i s t e n c e  o f  a  maximum, w hich i s  p e r h a p s  r e a l i s e d  in
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a a '  d ib rom oeam phor i n  a l c o h o l .  [The maxima o b ta in e d  
w i t h  t h e  a  h a l o g e n a t e d  camphor d e r i v a t i v e s  a r e  n o t  c o n s id e r e d  
b e c a u s e  o f  t h e  t h i r d  a sy m m etr ic  c e n t r e  i n t r o d u c e d  h e r e . ]
I t  h a s  b e e n  shown by P r o f e s s o r  P a t t e r s o n  and h i s  c o ­
w o r k e r s  t h a t  i n  a r e a s  com parab le  w i th  c d e f ,  i . e . ,  w here  th e  
r o t a t i o n  i s  rem oved from  a  maximum o r  minimum v a l u e ,  c e r t a i n  
c l o s e  a p p r o x im a t io n s  may be made in  c o r r e l a t i n g  r o t a t i o n  d a t a  
a n d  t h a t  t h e s e  a p p r o x im a t io n s  h o ld  n o t  o n ly  f o r  i n d i v i d u a l  
a c t i v e  s u b s t a n c e s  u n d e r  d i f f e r e n t  e x t e r n a l  c o n d i t i o n s ,  b u t  
a l s o  f o r  many o f  t h e i r  s im p le  d e r i v a t i v e s .  The a p p r o x i ­
m a t i o n s  r e f e r r e d  t o  c o n s t i t u t e  t h e  c h a r a c t e r i s t i c  d iag ram  
an d  s i n c e  i t  i s  p ro p o se d  t o  a n a ly s e  t h e  d a t a  o f  t h e  p r e s e n t  
t h e s i s  f ro m  t h i s  s t a n d p o i n t ,  i t  w i l l  be n e c e s s a r y  h e r e  b r i e f l y  
t o  r e v ie w  t h e  s i t u a t i o n  w i th  r e g a r d  to  t h e s e  d ia g ra m s .
The c h a r a c t e r i s t i c  d iag ram  was r e a l l y  d i s c o v e r e d  by 
D a rm o is ,  who d educed  i t  d i r e c t l y  from B i o t a s  r u l e  f o r  b i n a r y  
m i x t u r e s ,  w h i l e  i n v e s t i g a t i n g  t h e  d i s p e r s i o n  o f  m ixed t e r e -  
b e n t h e n e  e s s e n c e s .  (Ann. de Chimie e t  P h y s iq u e ,  8 S . ,
X X II ,  1 9 1 1 ) .  B io t*  s  r u l e  may be w r i t t e n : -  
[ a ]  = x L a ] i  + ( l  -  x )  [ 0O2 
w h e re  Loc], , [oc]^ r e p r e s e n t  t h e  s p e c i f i c  r o t a t i o n s  o f  two 
s u b s t a n c e s  A and  B f o r  a  g iv e n  wave l e n g t h  o f  l i g h t ,  and  [ a ]  
t h e  s p e c i f i c  r o t a t i o n  f o r  th e  same wave l e n g t h  o f  a  m ix tu re  
c o n t a i n i n g  x  gm. o f  A p e r  gm. o f  th e  m i x t u r e .  Now l e t  t h e
p o i n t s  A, B and C r e p r e s e n t  th e  p o i n t s  o f  i n t e r s e c t i o n  o f  any
o r d i n a t e  o f  wave l e n g t h  w i th  th e  d i s p e r s i o n  c u r v e s  o f  t h e  two
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p a r e n t  s u b s t a n c e s  and  t h e  m ix tu re  r e s p e c t i v e l y .  Then
5A s  t o t ] i -  [ a ]  ,  l  -  x  
CB L«J2 -  [ a ]
and s i m i l a r l y  f o r  any o t h e r  
o r d in a t e  A1C1B 1 • -
— * = Ccx1 Jt -  [ a 1 ]  _ 1 -  x
C7! 1 [ a 1 ]g -  [ a i ]  _x
GA _ C1 A1
• - J ' ~ "
CB C ^ 1
i . e . ,  t h e  l i n e s  CC1, AA1, BB1 a r e  
c o n c u r r e n t  a t  some p o i n t  0 ,  and 
th e  d i s p e r s i o n  c u rv e s  f o r  a l l  m ix ­
t u r e s  o f  A and B c u t  t h e s e  two
o r d i n a t e s  i n  such  a  way a s  to  p ro v id e  a  beam o f  l i n e s  c o n c u r r e n t
a t  0 .  T h i s  beam o f  l i n e s  c o n s t i t u t e s  t h e  Darmois d iag ram
w h ic h  h a s  g e n e r a l l y  b een  c o n s t r u c t e d  a b o u t  th e  o r d i n a t e s  f o r  
y e l l o w  and  v i o l e t  l i g h t .
A rm stro n g  and  W alker  (P ro c .  Roy. S o c . ,  1913 , 392)
c o n s t r u c t e d  a  d ia g ra m  showing t h a t ,  f o r  an e q u i l i b r i u m  o f  two 
a c t i v e  s u b s t a n c e s ,  t h e  v a l u e s  o f  t h e  s p e c i f i c  r o t a t i o n  f o r  one 
wave l e n g t h ,  m e a s u re d  u n d e r  d i f f e r e n t  c o n d i t i o n s ,  b e a r s  a  
l i n e a r  r e l a t i o n s h i p  t o  t h e  v a l u e s  f o r  any o t h e r  wave l e n g t h  
m e a s u re d  u n d e r  t h e  same c o n d i t i o n s .  T h is  i s  s im p ly  th e  
D a rm o is  th e o re m  e n u n c i a t e d  in  a  d i f f a r e n t  fo rm , f o r ,  p l o t t i n g  
t h e  d i f f e r e n t  v a l u e s  o f  t h e  s p e c i f i c  r o t a t i o n  f o r  one wave 
l e n g t h  A ,C ,B , a g a i n s t  t h e  c o r re s p o n d in g  v a l u e s  f o r  t h e  o t h e r
wave l e n g t h  i t  f o l lo w s  from  A rm strong  and W a lk e r 's
o b s e r v a t i o n  t h a t  t h e  r e s u l t i n g  p o i n t s  K, M, L l i e  on a  s t r a i g h t  
_______  l i n e :  w hence , by g eo m etry ,
CA MK
CB ML
b u t MK c ' a '
ML c ' b 1
•• • GA = c ' a 1
CB c ' b 1
w hich i s p r e c i s e l y
made by D arm ois .
Now a l th o u g h  t h e  c h a r a c t e r i s t i c  d ia g ra m  h a s  th u s  
b e e n  d e v e lo p e d  from  t h e  assum ed v a l i d i t y  o f  B i o t ’ s  b i n a r y  
m i x t u r e  r u l e ,  i t  does  n o t  f o l lo w  t h a t  th e  c o n v e r se  i s  n e c e s s a r ­
i l y  t r u e  and  t h a t  t h e  c o n s t r u c t i o n  o f  such  a  d ia g ra m  from  
t h e  r o t a t i o n  d a t a  o f  a  compound i s  p r o o f  o f  th e  e x i s t e n c e  o f  
t h a t  compound i n  two fo rm s  — e . g . ,  t h e o r e t i c a l l y ,  two i n t r a  
m o l e c u l a r  p a r t i a l  r o t a t i o n s  c o u ld  e q u a l ly  w e l l  be in v o k e d  to  
e x p l a i n  t h e  phenomenon on th e  summation b a s i s .  N e v e r th e ­
l e s s ,  M allem an  ( j o u r n .  de P h y s .  e t  l e  Radium, 1923 , 1 8 ) e x ­
p r e s s l y  a d o p t s  t h i s  v iew  and i s  f o l lo w e d  by Lucas  (Ann. de 
P h y s . ,  1 9 2 8 ,  381) who c o n c lu d e s  from  r a t h e r  s c a n ty  d a t a  t h a t ,  
among o t h e r  com pounds, camphor i n  s o l u t i o n  e x i s t s  i n  two 
i s o m e r i c  fo rm s  o f  d i f f e r e n t  d i s p e r s i o n  and o p p o s i t e  r o t a t i o n a l
s i g n .  On the o t h e r  h an d  P a tterso n  ( J . C . 5 . ,  1 916 , 1204 e t
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seq.. i and  B r u h a t  ( T ra n s .  F a r .  S o c . ,  1 9 3 0 ) ,  a r g u in g  from  
t o t a l l y  d i f f e r e n t  s t a n d p o i n t s ,  co n c lu d e  t h a t  th e  p o s t u l a t i o n  
o f  c h e m ic a l  h e t e r o g e n e i t y  o f  t h i s  ty p e  i s  i n c o n s i s t e n t  w i th  
e x p e r i m e n t a l  f a c t .
P a t t e r s o n  ( J . C . S . ,  1916 , 1176) h a s  r e d u c e d  th e  
A rm s tro n g -W a lk e r  d ia g ra m  t o  a  more compact fo rm  hy p l o t t i n g  
L a ]^  -  [ a ] g a g a i n s t  t h e  v a lu e s  o f  [ a ] g a s  r e f e r e n c e  a x i s ,  
an d  i n  p r o c e e d in g  now t o  c o n s id e r  d a t a  f o r  camphor and i t s  
d e r i v a t i v e s  w i th  r e g a r d  to  t h i s  form  o f  th e  d ia g ra m , i t  i s  
o n ly  n e c e s s a r y  t o  em p h a s ise  t h e  fu n d a m e n ta l  i d e n t i t y  o f  t h e  
c h a r a c t e r i s t i c  d ia g ra m s  a t  p r e s e n t  in  u s e ,  and  co n fo rm in g  to  
t h e  s t a n d p o i n t  a d o p te d  and  a l r e a d y  e x p r e s s e d  on page  49 to  
r e j e c t  t h e  v iew  t h a t  t h e s e  d ia g ra m s  n e c e s s a r i l y  o r  even  p r o ­
b a b l y  im p ly  c h e m ic a l  h e t e r o g e n e i t y .
I n  F i g .  6 t h e  r o t a t i o n  d a t a  f o r  camphor h av e  been  
f i t t e d  w i t h  a  c h a r a c t e r i s t i c  d iag ram  o f  t h e  ty p e  employed by 
P r o f e s s o r  P a t t e r s o n .  I n  a d d i t i o n  t o  t h e  d a t a  f o r  camphor 
i n  s u l p h u r i c  a c i d  (p .  24 ) th e  d iag ram  i n c l u d e s  r o t a t i o n  v a l u e s  
o f  t h e  compound o b t a i n e d  from  a  s tu d y  o f  t e m p e r a tu r e  and  s o l ­
v e n t  i n f l u e n c e ,  and w h ich  though  n o t  r e f e r r e d  t o  p r e v i o u s l y  
i n  t h e s e  p a g e s ,  w i l l  be  fo u n d  in  a  p a p e r  by P a t t e r s o n ,  Dunn, 
B uchanan  and  t h e  p r e s e n t  w r i t e r , r e c e n t l y  s u b m i t t e d  f o r  p u b l i ­
c a t i o n  i n  t h e  J . C . S .  R o t a t i o n  d a t a  f o r  camphoroxime i n  
a l c o h o l  (La] = -5 0 * 0 9 )  and  i n  o - n i t r o t o l u e n e  (La]g * -65*13) 
a n d  f o r  o x y m eth y len e  camphor i n  c h lo ro fo rm  (L a]g  * +229*9)
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a l s o  t o  be  fo u n d  i n  t h e  above p a p e r ,  l i e  c l o s e l y  on t h e  d iag ram  
l i n e s  o u t  n av e  b een  o m i t t e d  i n  o r d e r  t o  a v o i d  c o n f u s io n  and u n ­
d e s i r a b l e  r e d u c t i o n  o f  s c a l e .  I t  w i l l  be s e e n ,  how ever,  t h a t  
o v e r  a  w ide  r a n g e  o f  r o t a t i o n  t h e  d a t a  l i e  w i th  f a i r  r e g u l a r i t y  
upon  t h e  d ia g ra m  l i n e s  and t h a t  t h e s e  i n t e r s e c t  o v e r  a  co n ­
s i d e r a b l e  a r e a  i n  t h e  n e g a t i v e  r e g io n  c o r r e s p o n d in g  to  th e  
v i s i b l e  a n o m a lo u sn e ss  fo u n d  i n  t h a t  n e ig h b o u rh o o d .  The
p o i n t  o f  i n t e r s e c t i o n  o f  a  g iv e n  p a i r  o f  l i n e s  i s  o f  i n t e r e s t  
i n  t h a t  t n i s  p o i n t  b e in g  in d e p e n d e n t  o f  s o l v e n t ,  c o n c e n t r a t i o n  
an d  t e m p e r a t u r e  i s  c h a r a c t e r i s t i c  o f  camphor and a  s u i t a b l e  
b a s i s  o f  r e f e r e n c e  f o r  com paring  r o t a t i o n s .  C a l c u l a t e d  from  
t h i s  p o i n t  a s  z e r o ,  t h e  d i s p e r s i o n  r a t i o  i s  c o n s t a n t  f o r  t h e  
two wave l e n g t h s  o f  l i g h t  c o r r e s p o n d in g  to  t h e  p a i r  o f  l i n e s  i n  
q u e s t i o n .  From t h e  d ia g ra m ,  t h e  i n t e r s e c t i o n  o f  t h e  l i n e s  
f o r  Hgg an d  Hg^ a p p e a r s  t o  o c c u r  a t  Hgg * - 1 5 ° ;  i . e . ,  a t  t h i s
v a l u e  Loc]g becomes e q u a l  t o  La]^..
The r e l a t i o n s h i p  be tw een  a  compound and d e r i v a t i v e  
w i t h  r e s p e c t  t o  t h e  c h a r a c t e r i s t i c  d iag ram  d o es  n o t  a p p e a r  t o  
b e  a  s im p le  o n e ,  f o r  th o u g h  i n  many c a s e s  i t  h a s  been  fo u n d  
t h a t  t h e  same d ia g ra m  may be f i t t e d  t o  e a c h ,  num erous o t h e r  
c a s e s  a r e  known w here  t h i s  i s  im p o s s ib le  even  when argum ent 
b y  a n a lo g y  s u g g e s t s  t h e  l i k e l i h o o d .  The f a c t  t h a t  i n
t h e  n e ig h b o u rh o o d  o f  a  maximum in  t e m p e r a tu r e  r o t a t i o n  c u rv e s  
t h e  i n d i v i d u a l  c o l o u r s  o f  l i g h t  do n o t  r e a c h  t h e  t u r n i n g  
v a l u e  a l l  a t  t h e  same t e m p e r a t u r e ,  r e s u l t s  i n  a  d e v i a t i o n  
f ro m  t h e  s t r a i g h t  l i n e s  o f  t h e  d iag ram  and  f u r t h e r ,  i t  i s  even
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i n d i c a t e d  (O f. P a t t e r s o n ,  J . C . S . ,  1916 , 1195) t h a t  each  l im b  
o f  t h e  g e n e r a l  T-R c u rv e  r e q u i r e s  a  d iag ram  o f  i t s  own. 
D e r i v a t i v e s ,  t h e r e f o r e ,  more e f f e c t i v e  th a n  s o l v e n t s  i n  p r o ­
d u c in g  a  p ro n o u n c e d  s h i f t  o f  th e  o b s e r v a t i o n a l  r e g i o n  from  
one p a r t  o f  t h e  g e n e r a l  T-R cu rv e  t o  a n o t h e r ,  do n o t  n e c e s s a r i ­
l y  y i e l d  r o t a t i o n  d a t a  c a p a b le  o f  accom m odation on th e  d iag ram  
o f  t h e  p a r e n t  s u b s t a n c e ,  b u t  i t  i s  im p ro b ab le  t h a t  t h i s  i s  t h e  
c o m p le te  e x p l a n a t i o n  o f  t h e  m u l t i p l i c a t i o n  o f  d ia g ra m s  som etim es 
fo u n d  and in d e e d ,  when d e r i v a t i v e  f o r m a t io n  i n v o lv e s  t h e  p r o ­
d u c t i o n  o f  a  new a sy m m e tr ic  c e n tr e ,  o r  i n t i m a t e l y  a f f e c t s  
e x i s t i n g  c e n t r e s  a s ,  f o r  ex am p le ,  i n  r e a c t i o n s  p ro d u c in g  W alden 
I n v e r s i o n ,  th e n  o b v io u s ly  new f a c t o r s  a r e  i n t r o d u c e d .
The r o t a t i o n  d a t a  f o r  c a m p h o r -1 0 - su lp h o n ic  a c i d  i n  
a q u e o u s  s o l u t i o n  l i e  f a i r l y  c l o s e  to  t h e  l i n e s  o f  t h e  camphor 
d ia g r a m  and  c o n s e q u e n t l y ,  w ere  no o t h e r  d a t a  a v a i l a b l e ,  w ou ld  
be  i n c l u d e d  i n  t h i s  d ia g ra m .  The v a l u e s  o b ta in e d  i n  s u l -
p n u r i c  a c i d  s o l u t i o n  show q u i t e  p l a i n l y ,  ho w ev er ,  t h a t  t h e  
d ia g r a m s  f o r  t h e  two compounds a r e  d i s t i n c t .  P ig ,  7 c o n ­
t a i n s  t h e  d ia g ra m  f o r  t h e  s u lp h o n ic  a c i d  and  i t  w i l l  be  s e e n  
t h a t  w h i l s t  t h e  v a r i o u s  p o i n t s  l i e  i n  s a t i s f a c t o r y  f a s h i o n  
u p o n  t h e  l i n e s  d raw n , t h e  d iag ram  a s  a  w hole  i n  p a s s i n g  from  
cam phor t o  c a m p h o r -1 0 - s u lp h o n ic  a c i d  h a s  b e e n  s h i f t e d  s l i g h t l y  
to w a r d s  t h e  n e g a t i v e  r e g i o n .  Thus t h e  r e g i o n  o f  anom alous
d i s p e r s i o n  i s  now fo u n d  t o  e x te n d  f u r t h e r  i n t o  t h e  n e g a t i v e  
r e g i o n  th a n  i n  t h e  c a s e  o f  cam phor, and  i n t e r s e c t i o n  b e tw een
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t h e  l i n e s  f o r  g r e e n  an d  b lu e  l i g h t  o c c u r s  now a b o u t  -2 2 °  
f o r  h g g  a s  c o n t r a s t e d  w i t h  —15° in  th e  c a s e  o f  camphor.
A t t h i s  s t a g e  i t  may be p o i n t e d  o u t  t h a t  such  a  
s n i f t  o f  c h a r a c t e r i s t i c  d iag ram s  in  p a s s i n g  from one compound 
t o  a n o t h e r  and  im p ly in g  an i n c r e a s e  o r  d e c r e a s e  i n  p o s i t i v e  
r o t a t i o n  a c c o r d in g  a s  i t  o c c u r s  t o  t h e  r i g h t  o r  l e f t  r e s p e c t i v e ­
l y ,  c a n n o t  be  p r e d i c t e d  from  c o n s i d e r a t i o n  o f  th e  v a l u e s  o f  
s a y  L a ]  f o r  t h e  two compounds even i f  t h e  s o l u b i l i t i e s  a l lo w  
o f  m e a su re m e n t  a t  t h e  same c o n c e n t r a t i o n  an d  t e m p e r a tu r e  i n  
one s o l v e n t .  I t  i s  im p o s s ib le  a t  th e  p r e s e n t  t im e  t o  say  
when two d i s t i n c t  m o l e c u l a r  s p e c i e s  a r e  i n  a  com p arab le  s t a t e  
w h e re  t h e i r  o p t i c a l  r o t a t i o n s  a r e  c o n c e rn e d  and  h e n c e  a r i s e s  
t h e  n e c e s s i t y  o f  s tu d y i n g  t h e  r o t a t o r y  power o f  each  o v e r  th e  
w i d e s t  r a n g e  p o s s i b l e  so t h a t  co m p ariso n  may be b a s e d  on g e n e r ­
a l  r a t h e r  theui on p a r t i c u l a r  b e h a v io u r .  The p o i n t  i n  
q u e s t i o n  r e c e i v e s  am ple i l l u s t r a t i o n  from  P i g .  8 ( se e  l a t e r ) .
I n  P i g .  7 t h e r e  h av e  a l s o  b een  i n c l u d e d ,  t o  th e  l e f t  
t h e  d a t a  f o r  cam p h o rsu lp h o n an n y d ram id e  a n d ,  to  t h e  r i g h t  t h e  
d a t a  f o r  t h e  e s t e r s  o f  c a m p h o r -1 0 -s u lp h o n ic  a c i d .  As w i l l
b e  s e e n ,  e a c h  s e t  r e q u i r e s  i t s  own s e r i e s  o f  l i n e s ,  and w h i l s t  
i t  i s  n o t  a l t o g e t h e r  s u r p r i s i n g  t h a t  t h e  an h y d ram id e  c a n n o t  
b e  r e p r e s e n t e d  on t h e  d ia g ra m  o f  th e  p a r e n t  a c i d  i n  v iew  o f  th e  
s t r u c t u r a l  c h a n g e s  i n v o l v e d  i n  i t s  f o r m a t i o n ,  i t  i s  r a t h e r  
u n e x p e c t e d  t h a t  t h e  v a l u e s  o f  t h e  e s t e r s  show such  a  m arked 
d e v i a t i o n .  R e p e t i t i o n  o f  t h e  r o t a t i o n  m e a su re m e n ts  f o r  th e
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l a t t e r  compounds c o n f i rm e d  i n  a l l  e s s e n t i a l s  t h e  v a l u e s  
g i v e n  i n  t h e  T-R t a b l e s ,  so t h a t  th e  d e v i a t i o n  from  th e  d iag ram  
o f  t h e  p a r e n t  a c i d  i s  p e r h a p s  to  be e x p la in e d  in  p a r t  a t  l e a s t  
f ro m  t h e  f a c t  t h a t  t h e  r o t a t i o n s  o f  t h e s e  e s t e r s  occupy a  
p o s i t i o n  on t h e  d e s c e n d in g  l im b  o f  th e  T-R c u rv e  j u s t  beyond 
a  maximum v a l u e ,  w h i l s t  t h e  r o t a t i o n  v a l u e s  o f  t h e  a c i d  i t s e l f  
a r e  s i t u a t e d  on t h e  o p p o s i t e  l im b .  The c h a n g e ,  h o w ev e r ,  from  
s t r o n g  p o l a r  c h a r a c t e r i s t i c s  i n  t h e  a c i d  t o  t h e  c o v a le n t  s t a t e  
i n  t h e  e s t e r s  may n o t  be  u n im p o r ta n t  i n  t h i s  c o n n e c t io n ,  b u t  
i n f e r e n c e s  c a n n o t  be  drawn from  a  s i n g l e  ex am ple .
S in c e  t h e  c h a r a c t e r i s t i c  d ia g ra m  f o r  camphor d o e s  n o t  
c o i n c i d e  w i th  t h a t  f o r  c a m p h o r -1 0 -s u lp h o n ic  a c i d  w n ic h ,  i n  t u r n ,  
i s  d i s t i n c t  f rom  t h a t  o f  t h e  e s t e r s ,  i t  i s  p e rh a p s  s c a r c e l y  to  
b e  e x p e c t e d  t h a t ,  f o r  ex am p le ,  t h e  r o t a t i o n s  f o r  a -c h lo ro c a m p h o r  
a n d  m e th y l  a - c h l o r o c a m p h o r -1 0 - s u lp h o n a te  w i l l  be c a p a b le  o f  
r e p r e s e n t a t i o n  on a  s i n g l e  d ia g ra m ,  n o r  i s  i t  t o  be e x p e c te d  
t h a t  t h e s e  r o t a t i o n s  w i l l  f a l l  upon t h e  d ia g ra m  f o r  camphor 
s i n c e  t h e  compounds c o n t a i n  a  new asy m m etr ic  sy s te m . M ore­
o v e r ,  u n f o r t u n a t e l y ,  a s  r e f e r e n c e  to  t h e  r e s p e c t i v e  t a b l e s  o f  
s o l v e n t  i n f l u e n c e  w i l l  show, t h e  r a n g e  o f  r o t a t i o n  a v a i l a b l e  
f o r  s tu d y  i n  t h e  m a j o r i t y  o f  c a s e s  i s  much r e s t r i c t e d  in  com­
p a r i s o n  w i t h  t h a t  a c h i e v e d  w i th  camphor and  R e y c h le r  s a c i d .  
C o n s e q u e n t ly  o n ly  a  b r o a d  s e p a r a t i o n  of t h e  r o t a t i o n  d a t a  can 
b e  a t t e m p t e d ,  b u t  i f  "the d ia g ra m s  on F i g s .  6 and  7 show a n y ­
t h i n g  a t  a l l ,  t h e y  do show t h a t  f ^ t h e _ _ s ame s u b s t a n c e  i n
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d i f f e r e n t  s o l v e n t s  t h e  r o t a t i o n  v a l u e s  may be  r e p r e s e n t e d  
on a  s e r i e s  o f  s t r a i g h t  l i n e s ,  a n d  h e n c e  i t  i s  r e a s o n a b l e  t o  
s u p p o s e  t h a t  e x t e n s i o n  o f  t h e  l i n e  p a s s i n g  t h r o u g h  two s e p a r a t e  
g r o u p s  o f  p o i n t s  f o r  ( s a y )  a  c h io ro c a m p h o r  w i l l  r e p r e s e n t  t h e  
r o t a t i o n a l  b e h a v i o u r  o f  t h e  compound u n d e r  some u n d e te r m in e d  
c o n d i t i o n s ,  p r o v id e d  a lw a y s  t h a t  t h e  e x p e r i m e n t a l  p o i n t s  c h o se n  
do n o t  l i e  i n  t h e  n e ig h b o u r h o o d  o f  a  maximum i n  t h e  T-R c u r v e .
W ith  t h e s e  c o n s i d e r a t i o n s  i n  v iew  a  number o f  
f r a g m e n t a r y  d ia g ra m s  h a v e  b e e n  c o n s t r u c t e d  i n  F i g .  8 ,  t h e  
l i n e s  drawn r e f e r r i n g  p a r t i c u l a r l y  t o  t h e  compound i n d i c a t e d  
a s  s a t i s f y i n g  t h e  p r o v i s o  j u s t  m e n t io n e d ,  r a t h e r  th a n  t o  t h e  
p o i n t s  f o r  o t h e r  com pounds w h ic h  l i e  i n  t h e  n e ig h b o u r h o o d .
Thus t h e  s e t  o f  l i n e s  m a rk e d  na  b rom ocam phor” h a v e  b e e n  draw n 
t h r o u g h  t h e  p o i n t s  f o r  t h i s  compound i n  b e n z e n e  and  i n  e t h y l e n e  
b r o m id e ,  no a t t e m p t  b e i n g  made t o  a l t e r  t h e  l i n e s  so a s  t o  
accom m odate  m ore c l o s e l y  t h e  p o i n t s  f o r  t h e  e s t e r s  and  am ide 
o f  a  b r o m o c a m p h o r - 1 0 - s u lp h o n ic  a c i d  w h ic h  l i e  i n  t h e  n e i g h b b u r -  
h o o d  an d  w h ic h ,  l i k e  t h o s e  o f  t h e  c o r r e s p o n d i n g  a  c h l o r o  com­
p o u n d s ,  b e lo n g  t o  a  r o t a t i o n a l  r e g i o n  a t ,  o r  n e a r ,  a  maximum 
i n  t h e  T-R c u r v e  (C f .  F i g s .  3 a n d  4 ) .  The p o i n t s  f o r  t h e  
T T - d e r i v a t i v e s  do n o t  b e lo n g  t o  su c h  a  r e g i o n  ( C f . F i g .  5) 
an d  a r e  t h e r e f o r e  u n i t e d  h e r e  by  t h e i r  own r e s p e c t i v e  l i n e s .
To a v o i d  c o n g e s t i o n  o f  t h e  d i a g r a m ,  o n ly  t h e  l i n e s  f o r  v i o l e t  
( i . e .  l a L  -  L a i )  h a v e  b e e n  draw n i n  t h e  c a s e  o f  t h e  Tf-V g
d e r i v a t i v e s ,  t h e  l i n e s  f o r  t h e  o t h e r  c o l o u r s  o f  l i g h t  f o l l o w i n g
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t h e  b e h a v i o u r  i n d i c a t e d  i n  f u l l  f o r  a  e h l o r o -  and  f o r  a  b rom o- 
cam phor .
T r e a t e d  i n  t h i s  way i t  w i l l  b e  s e e n  t h a t  t h e  m ass o f  
r o t a t i o n  d a t a  may b e  r e s o l v e d  i n t o  v a r i o u s  g r o u p s  a c c o r d i n g  to  
t h e  n a t u r e  o f  t h e  s u b s t i t u t i o n  c h a n g e s  w ro u g h t  on t h e  cam phor 
m o l e c u l e .  LFor c o m p a r is o n  t h e  d ia g ra m  l i n e s  f o r  camphor
i t s e l f  h a v e  b e e n  draw n i n  r e d  i n  F i g .  8 ,  t h o u g h  i n c i d e n t a l l y  
t h e  s c a l e  d o e s  n o t  y e t  a l lo w  t h e  i n c l u s i o n  o f  t h e  d a t a  f o r  
o x y m e th y le n e  cam phor w h ic h  l i e  on t h e  r e d  l i n e s  b ey o n d  t h e  
r i g h t  h a n d  s i d e  o f  t h e  f i g u r e ] .  The e f f e c t  o f  t h e s e  s u b ­
s t i t u t i o n  c h a n g e s  i s  b e s t  s e e n  i n  t h e  l i n e s  f o r  v i o l e t  l i g h t  
w h e re  t h e  d i f f e r e n t i a t i o n  i s  g r e a t e s t .  Thus w i t h  t h e  
i n t r o d u c t i o n  o f  a  new a s y m m e tr ic  c e n t r e  i n  p a s s i n g  from  cam phor 
t o  a  c h lo ro c a m p h o r  a n d  d e r i v a t i v e s  o f  a  c h io r o c a m p h o r - 1 0 - s u l -  
p h o n ic  a c i d  t h e  r o t a t i o n  p o i n t s  h a v e  b e e n  moved to w a r d s  t h e  
r i g h t ,  and  i n  t h i s  s e n s e  t h e  p o s i t i v e  r o t a t i o n  o f  t h e  compounds 
h a s  b e e n  i n c r e a s e d .  A s h i f t  i n  t h e  same d i r e c t i o n  and  o f  
g r e a t e r  m a g n i tu d e  i s  f o u n d  i n  t h e  c o r r e s p o n d i n g  a - b r o m i n a t e d  
com pounds i n d i c a t i n g  g r e a t e r  e f f i c a c y  on t h e  p a r t  o f  t h e  b ro m in e  
a to m . On t h e  o t h e r  h a n d ,  a s  f a r  a s  c a n  b e  s e e n  f ro m  t h e  
p o s i t i o n  o f  t h e  p o i n t s  f o r  m e th y l  c a m p h o r - T i - s u l p h o n a t e ,  t h e  
f o r m a t i o n  o f  t h e  new a s y m m e tr ic  c e n t r e  h e r e  (c a tom  7) h a s  
r e s u l t e d  i n  a  s h i f t  o f  t h e  r o t a t i o n  v a l u e s  to w a r d s  t h e  l e f t  
o f  t h e  cam phor d ia g ra m  a n d  a g a i n ,  w i t h  t h e  i n t r o d u c t i o n  o f  th e  
a  h a l o g e n  a to m , t h i s  s h i f t  h a s  b e e n  p r a c t i c a l l y  n u l l i f i e d  i n
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t h e  a  c h l o r o  compounds an d  o v e r t a k e n  i n  t h e  a  bromo compounds 
w h ic h  a r e  s i t u a t e d  t o  t h e  r i g h t  o f  t h e  cam phor l i n e s .
F u r t h e r ,  t h e  p o s i t i o n  o f  t h e  l i n e  f o r  a  T f  d ib rom ocam phor 
i n d i c a t e s  t h a t  t h e  b ro m in e  a tom  i n  t h e  T T - p o s i t i o n  e x e r t s  
an  e v en  m ore p o w e r f u l  i n f l u e n c e  i n  p r o d u c in g  a  s h i f t  t o  t h e  
l e f t  t h a n  d o e s  t h e  s u l p h o n i c  g r o u p in g ;  t h e  p o i n t s  f o r  7T bromo 
cam phor i t s e l f  w o u ld  p r e s u m a b ly  l i e  b e y o n d  t h e  l i n e  g i v e n  f o r  
a  TT d ib rom o  cam phor. U n f o r t u n a t e l y  TT bromo cam phor i s  n o t  
among t h e  compounds ex am in ed  h e r e ,  n o r  d o e s  t h e  l i t e r a t u r e  
c o n t a i n  any  r e c o r d  o f  i t s  d i s p e r s i o n  m e a s u re m e n ts ,  b u t  in  
p r o c e e d i n g  p r e s e n t l y  t o  c o n s i d e r  some p o i n t s  o f  c o n t a c t  b e ­
tw e e n  t h i s  work a n d  t h o s e  c a r r i e d  o u t  i n  t h e  same f i e l d ,  
r e f e r e n c e  w i l l  a g a i n  b e  made t o  t h e s e  T T - d e r i v a t i v e s .
To su m m a r ise  t h e  i n f e r e n c e s  from  F i g .  8 ;  t h e  
oc b ro m in e  a tom  e x c e e d s  i n  pow er t h e  a  c h l o r i n e  atom  i n  i n c r e a s  
i n g  t h e  d e x t r o  r o t a t i o n  o f  t h e  s u b s t i t u t e d  cam phor m o l e c u l e ,  
w h e r e a s  i n  t h e  TT - p o s i t i o n  i t  i s  p r o b a b l y  m o s t  e f f e c t i v e  i n  
p r o d u c in g  t h e  o p p o s i t e  r e s u l t ,  s u b s t i t u t i o n  i n  t h i s  p o s i t i o n  
i n c r e a s i n g  t h e  l a e v o r o t a t i o n  o f  t h e  m o l e c u l e .  The r e s u l t s
a r e  a l l  o f  a  p u r e l y  q u a l i t a t i v e  c h a r a c t e r ,  e x t r a p o l a t i o n  t o  
t h e  r e f e r e n c e  l i n e ,  w h e re  q u a n t i t a t i v e  c o n s i d e r a t i o n s  m ig h t  be 
a t t e m p t e d ,  b e i n g  a t  p r e s e n t  t o o  e x t e n s i v e  f o r  a c c u r a c y .
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As h a s  a l r e a d y  b e e n  s t a t e d  i n  t h e  i n t r o d u c t i o n ,  
t h e  r o t a t i o n  d i s p e r s i o n s  o f  cam phor an d  d e r i v a t i v e s  h a v e  
b e e n  exam ined  by P r o f e s s o r  Lowry an d  h i s  s t u d e n t s  from  t h e  
p o i n t  o f  v iew  o f  t h e  D rude  e q u a t i o n .  Camphor i t s e l f  i n
b e n z e n e  s o l u t i o n  ( J . C . S . ,  1 9 2 5 ,  604) h a s  b e e n  f i t t e d  w i t h  a  
two t e r m  e q u a t i o n ,  v i z . ; -
. ] _ 29*384  _  20*138
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The c o n d i t i o n  f o r  a n o m a lo u s n e s s  i n  an  e q u a t i o n  o f  t h i s  ty p e  
i s  t h a t  t h e  s m a l l e r  d i s p e r s i o n  c o n s t a n t  b e  a s s o c i a t e d  w i t h  
t h e  l a r g e r  o f  t h e  two r o t a t i o n  c o n s t a n t s ,  a n d  w h i l s t  t h e  
a b o v e  e q u a t i o n  f a i l s  t o  f u l f i l  t h i s  c o n d i t i o n ,  n e v e r t h e l e s s  
t h e  two t e r m s  a r e  o f  o p p o s i t e  s i g n  an d  i t  m ig h t  b e  e x p e c te d  
t h a t  i f  t h i s  w e re  m a i n t a i n e d  u n d e r  t h e  im p r e s s  o f  s a y  d i f f e r  
e n t  s o l v e n t  c i r c u m s t a n c e s ,  s u c h  a l t e r a t i o n ,  p a r t i c u l a r l y  i n  
t h e  r o t a t i o n  c o n s t a n t s ,  m ig h t  be  in d u c e d  a s  t o  b r i n g  t h e  
d i s p e r s i o n  c u rv e  i n t o  t h e  t r u l y  a n o m a lo u s  c l a s s  —  t h e  d i s ­
p e r s i o n  f o r  cam phor h a s  i n d e e d  b e e n  d e s c r i b e d  by Lowry a s  
” q u a s i "  o r  " p o t e n t i a l l y * '  a n o m a lo u s .  The c o m p le te  
a n o m a lo u s n e s s  o f  cam phor h a s  now b e e n  d e m o n s t r a t e d  ( F ig .  l )  
w i t h  a q u e o u s  s u l p h u r i c  a c i d  a s  s o l v e n t .
S i m i l a r  r e m a r k s  a p p ly  t o  c a m p h o r - 1 0 - s u lp h o n ic  
a c i d  f o r  w h ic h ,  i n  a q u e o u s  s o l u t i o n ,  t h e  f o l l o w i n g  D rude 
e q u a t i o n  h a s  b e e n  c o n s t r u c t e d  ( J . C . S . ,  1 9 2 5 ,  1 5 1 1 ) ; -
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Thus i t  w i l l  b e  s e e n  t h a t ,  a l t h o u g h  t h e s e  two e q u a t i o n s  
t h e m s e l v e s  y i e l d  p e r f e c t l y  n o rm a l  d i s p e r s i o n  c u r v e s ,  t h e y  
do h i n t  a t  an  a n o m a lo u s n e s s  w h ic h  h a s  a c t u a l l y  b e e n  found*  
m o re o v e r  t h e  a n o m a lo u s n e s s  o c c u r s  i n  t h e  n e g a t i v e  r e g i o n  
i n  harm ony w i t h  t h e  a s s o c i a t i o n  o f  t h e  n e g a t i v e  s i g n  w i th  
t h e  h i g h  f r e q u e n c y  t e r m  i n  t h e  e q u a t i o n s .
The r o t a t i o n  d i s p e r s i o n  o f  cam phor s u lp h o n a n h y d r -  
am ide  i n  a c e t o n e  s o l u t i o n  h a s  b e e n  d e s c r i b e d  ( l o c .  c i t . ,  1506) 
a s  c o n fo rm in g  a p p r o x i m a te ly  t o  B i o t ! s  i n v e r s e  s q u a r e  law .
Now, i n  a g re e m e n t  w i t h  t h i s  c o n c l u s i o n ,  e x t r a p o l a t i o n  o f  t h e  
c h a r a c t e r i s t i c  d ia g ra m  l i n e s  f o r  t h i s  compound ( F ig .  7) shows 
t h a t  t h e y  w o u ld  i n t e r s e c t  o v e r  a  v e r y  s m a l l  a r e a ,  th o u g h  t h i s  
f a c t  w o u ld  s u g g e s t  t h a t  t h e  d i s p e r s i o n  i s  m ore p r o p e r l y  t o  be  
d e s c r i b e d  a s  s l i g h t l y  a n o m a lo u s .
R e f e r e n c e  t o  F i g .  8 w i l l  show t h a t  e x t r a p o l a t i o n  
o f  t h e  l i n e s  f o r  a  b rom ocam phor ( o r  f o r  a  c h lo r o c a m p h o r ) 
w o u ld  l e a d  t o  t h e i r  i n t e r s e c t i o n  o v e r  a  f a i r l y  w id e  a r e a  
i n  t h e  p o s i t i v e  r e g i o n  c o r r e s p o n d i n g  w i t h  a n o m a lo u s n e s s  i n  
t h i s  r e g i o n  so  f a r  u n a t t a i n e d  e x p e r i m e n t a l l y .  B u t t h e  
c o r r e s p o n d i n g  r e g i o n  h a s  o n ly  now b e e n  r e a c h e d  f o r  cam phor 
a n d  i t  i s  n o t  to o  much t o  h o p e  t h a t  i n  t h e  f u t u r e  s i m i l a r  
m e th o d s  may d i s c l o s e  i t  f o r  a  h a l o g e n a t e d  c a m p h o rs .
T h e r e f o r e ,  on t h e  p r e s e n t  v ie w ,  j u s t  a s  t h e  d i s p e r s i o n  f o r
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cam phor u n d e r  a l l  c o n d i t i o n s  i s  r e g a r d e d  a s  a n o m a lo u s ,  
s i n c e  e x t r a p o l a t i o n  o f  t h e  r o t a t i o n a l  p o i n t s  f o r  a l l  c o n ­
d i t i o n s  r e v e a l s  t h i s  i n t e r s e c t i n g  a r e a  ( F i g .  6 ) ,  so t h e  
d i s p e r s i o n  f o r  a  brom ocam phor ( o r  a  c h l o r o c a m p h o r ) f s  r e ­
g a r d e d  a s  a n o m a lo u s  f o r  t h e  same r e a s o n ,  a n d  h e n c e  d i s ­
a g r e e m e n t  i s  e x p r e s s e d  w i t h  t h e  c o n c l u s i o n  ( l o c .  c i t . ,
1 2 6 8 )  t h a t  oc b rom ocam phor ( e q u a t i o n  a )  an d  a  c h lo ro c a m p h o r  
( e q u a t i o n  B) h a v e  n o rm a l  com plex  d i s p e r s i o n s .
r#v1 _ 13*276  + 1 9 * 5 3  , ^  12*938 7*5189
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I t  i s  n o t  d i s p u t e d  t h a t  i n  t h e  b e n z e n e  s o l u t i o n s  em ployed, 
t h e  r o t a t i o n  v a l u e s  fo u n d  f i t  t h e s e  e q u a t i o n s  v e r y  w e l l ,  b u t  
i t  i s  s u g g e s t e d  t h a t  t h e  i n h e r e n t  a n o m a lo u s n e s s  o f  t h e  d i s ­
p e r s i o n  i s  o n ly  m asked  by t h e  d i s t a n c e  s e p a r a t i n g  t h e s e  
v a l u e s  f ro m  t h e  t r u e  a n o m a lo u s  r e g i o n  a n d  by t h e  l i m i t s  im­
p o s e d  upon  t h e  r a n g e  o f  e x p e r i m e n t a l  o b s e r v a t i o n  i n  t h e  
u l t r a  v i o l e t .  The ab o v e  e q u a t i o n s ,  do show , h o w e v e r ,  i n
t h e  a  h a l o g e n a t e d  c a m p h o rs ,  t h e  i n c r e a s e  i n  p o s i t i v e  r o t a t i o n  
d e d u c e d  f ro m  F i g .  8 .
C u t t e r ,  B u r g e s s  and  Lowry ( i b i d ,  1268 -  1273) g i v e  
d i s p e r s i o n  m e a s u re m e n ts  f o r  s e v e r a l  a* h a l o g e n a t e d  c am p h o rs .  
Now, s i n c e  i n  t h e  cam phor m o le c u l e  i n  so  f a r  a s  c a rb o n  atom  3 
i s  c o n c e r n e d ,  a 1 h a l o g e n s  p r o v i d e  t h e  o p t i c a l l y  i s o m e r i c  fo rm s
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o f  t h e  a h a l o g e n s  a n d  s i n c e  i t  h a s  b e e n  c l a im e d  t h a t  a  
h a l o g e n s  i n c r e a s e  t h e  p o s i t i v e  r o t a t i o n  o f  t h e  m o l e c u l e ,  
so i t  s h o u ld  r e s u l t  t h a t  a* h a l o g e n s  i n c r e a s e  t h e  n e g a t i v e  
r o t a t i o n  o f  t h e  m o l e c u l e ,  and  on F i g .  8 t h e  l i n e s  f o r  t h e  
a 1 h a l o g e n a t e d  compounds s h o u ld  l i e  t o  t h e  l e f t  o f  t h e  r e d  
l i n e s  f o r  cam phor a n d  t o  t h e  l e f t  a l s o  o f  t h e  l i n e s  f o r  t h e  
c o r r e s p o n d i n g  a  h a l o g e n a t e d  com pounds. U n f o r t u n a t e l y
t h e  d a t a  a v a i l a b l e  a r e  l i m i t e d ,  c o n s i s t i n g  o f  b u t  one p o i n t  
p e r  wave l e n g t h  f o r  t h r e e  com pounds, b u t  i n  e a c h  c a s e ,  a s  
t h e  f o l l o w i n g  e x am p les  when t e s t e d  w i l l  show , t h e  v a r i o u s  
p o i n t s  f u l f i l  t h e  r e q u i r e m e n t s  o f  t h e  p r e d i c t i o n • -
a 1 - c h lo ro c a m p h o r  Coc] = +41 * [ a ]  = +119*1S v
. l a ] T -  La] = + 78*1 .D
a r - bromo cam phor L«]g *  -4 7  I =* -4 9 * 4  ( c a l c u l a t e d )
. • .  loc]v -  La]g = - 2 * 4
a® IT-dibrom o cam phor Loc]g = +126*6  ] [oc]v = 323*5
. * .  L«]v -  L«]g « +196*9.
I n  one f u r t h e r  p a r t i c u l a r  t h e  p r e s e n t  v iew  
d i f f e r s  f ro m  t h a t  e x p r e s s e d  b y  t h e  ab o v e  a u t h o r s  ( J . C . S . ,  
1 9 2 5 ,  1 2 6 5 ) ,  v i z .  t h a t  t h e  r o t a t i o n  o f  t h e  TT - d e r i v a t i v e s  
i s  n e c e s s a r i l y  a b n o r m a l .  As h a s  b e e n  i n d i c a t e d  on p ag e  60, 
t h e  r o t a t i o n  o f  t h e s e  com pounds a s  f a r  a s  c a n  be s e e n  from
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t h e  p r e s e n t  w ork i s  q u i t e  c o n s i s t e n t  p r o v id e d  a l lo w a n c e  i s  
made f o r  t h e  new a s y m m e tr ic  s y s te m  i n t r o d u c e d  h e r e  -  a  
f a c t o r  o f  w h ic h ,  s t r a n g e l y  e n o u g h ,  P r o f e s s o r  Lowry t a k e s  no 
a c c o u n t ,  e x p r e s s e d l y  a t  l e a s t ,  n o t  even  i n  d i s c u s s i n g  th e  
sym m etry  o f  t h e  s u b s t i t u t e d  cam phor m o le c u le  ( J . C . S . ,  1 9 25 , 
1 5 0 9 ) .  A l lo w in g  f o r  t h i s  f a c t o r  an d  r e c o g n i s i n g  t h a t
i t  c o n t r i b u t e s  an i n c r e a s e  i n  t h e  n e g a t i v e  r o t a t i o n  o f  t h e  
m o l e c u l e ,  t h e r e  i s ,  f o r  e x a m p le ,  l i t t l e  a p p a r e n t  r e a s o n  f o r  
c o n s i d e r i n g  i t  a  m a t t e r  o f  s u r p r i s e  t h a t  ,1t h e  h i g h  f r e q u e n c y  
t e r m  i s  n e g a t i v e  i n  b o t h  o f  t h e  s t e r e o i s o m e r i c  ( X T T  an d  a  ‘TT 
d ib ro rn o c a m p h o rs " , t h e  m ore e s p e c i a l l y  i f  P r o f e s s o r  Lowry i s  
c o r r e c t  i n  r e g a r d i n g  t h e  h i g h  f r e q u e n c y  t e r m  " a s  r e p r e s e n t i n g  
t h e  sum o f  t h e  p a r t i a l  r o t a t i o n s  o f  t h e  f i x e d  a s y m m e tr ic  
c e n t r e s "  i n  t h e  cam phor ( o r  s u b s t i t u t e d  cam phor) m o le c u l e .
One f u r t h e r  p o i n t  o f  c o n t a c t  w i t h  r e c e n t  w ork 
a r i s e s  f ro m  t h e  d i s p e r s i o n  c u r v e s  o f  cam phor and  c a m p h o r -1 0 -  
s u l p h o n i c  a c i d  ( F i g s .  1 a n d  2 ) ,  f o r  t h e s e  f a m i l i e s  o f  c u r v e s  
a r e  i n  g e n e r a l  s h a p e  a n d  d i s p o s i t i o n  j u s t  t h e  o p p o s i t e  o f  
t h e  f a m i l y  f o r  e t h y l - d - t a r t r a t e  ( P a t t e r s o n ,  J . C . S . ,  1 9 16 , 
1 2 0 1 )  and  i t  i s  n a t u r a l  t o  i n q u i r e  i n t o  t h e  p o s s i b i l i t y  o f  
a  c a u s e  o r  c o n n e c t i o n  b e tw e e n  them . Wood and  N i c h o l a s  
( J . C . S . ,  1 9 2 8 ,  1071) h a v e  s u g g e s t e d  su c h  a  p o s s i b i l i t y  i n  
p o i n t i n g  o u t  t h a t  i n  a l l  compounds w h ic h  e x h i b i t  an o m alo u s
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d i s p e r s i o n  an d  t o  w h ic h  t h e  w ork  o f  C lough  ( j . C . S . ,  1 9 1 8 ,
526) and  o t h e r s  h a s  a s s i g n e d  a  d e x t r o  c o n f i g u r a t i o n ,  t h e  
i n f l e x i o n s  an d  maxima — c r i t e r i a  o f  a n o m a lo u s n e s s  i n  d i s ­
p e r s i o n  c u r v e s  —  o c c u r  e n t i r e l y  i n  t h e  p o s i t i v e  r e g i o n  o f  
r o t a t i o n ,  w h i l s t  t h e  c u r v e s  c r o s s  t h e  z e r o  a x i s  i n  su c h  a  
way t h a t  dcx/dX i s  a lw a y s  p o s i t i v e .  The c o r r e s p o n d i n g  
l a e v o  compounds h a v e ,  t h e r e f o r e ,  p o i n t s  o f  i n f l e x i o n  and  
m axim a i n  t h e  n e g a t i v e  r e g i o n  and  da/dX n e g a t i v e  w here  t h e  
c u r v e  c r o s s e s  t h e  a x i s .  I n  a d v o c a t i n g  t h e  a d o p t i o n  o f
t h e s e  phenom ena a s  c r i t e r i a  f o r  r e l a t i v e  c o n f i g u r a t i o n ,  t h e  
a b o v e  a u t h o r s  f u r t h e r  c o n s i d e r  t h a t  i n  com pounds p o s s e s s e d  
o f  m ore  t h a n  one a s y m m e tr ic  c e n t r e ,  c o n f i g u r a t i o n  i s  d e t e r ­
m in e d  by t h e  p r e d o m in a n t  c e n t r e  i n  e a c h  m o l e c u l e .
S in c e  t h e  c h a r a c t e r i s t i c  d ia g ra m  i n  show ing  th e  
p o s i t i o n  o f  a n o m a lo u s n e s s * ,  r e a l i s e d  e x p e r i m e n t a l l y  o r  i n ­
f e r r e d  by e x t r a p o l a t i o n ,  c o u ld  o b v i o u s l y  s e r v e  t o  d e t e r m in e  
r e l a t i v e  c o n f i g u r a t i o n  a s  d e f i n e d  by t h e  a b o v e  c r i t e r i a ,  
cam phor on t h i s  v ie w ,  t o g e t h e r  w i t h  c a m p h o r - 1 0 - s u lp h o n ic  a c i d
* The c h a r a c t e r i s t i c  d ia g ra m  m ay, o f  c o u r s e ,  show t h a t  no 
a n o & a lo u s n e s s  e x i s t s  a s  i n  t h e  c a s e  o f  m a n n i t o l  an d  d e r i v a t i v e s  
( P a t t e r s o n  a n d  T odd , J . C . S . , 1 9 2 9 ,  2 8 7 6 ) ,  w h e re  t h e  l i n e s  a l l  
i n t e r s e c t  a t  t h e  o r i g i n ,  i . e . ,  La]_  *  0 .  The c r i t e r i a  i n  
s u c h  c a s e s  do n o t  a p p l y .
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a n d  by e x t r a p o l a t i o n ,  a l s o  t h e  TT - d e r i v a t i v e s  o f  cam phor 
a r e  t o  be  r e g a r d e d  a s  l a e v o  com pounds, w h i l s t  a  c h l o r o -  and  
a  b rom ocam phor a r e  p r e d o m in a n t l y  d e x t r o  compounds ( F i g s .  6 ,
7 a n d  8 ) .  I n d e e d ,  c o n s i d e r e d  f ro m  t h e  p o i n t  o f  v iew  o f  
t h e  c h a r a c t e r i s t i c  d i a g r a m ,  t h e  o b s e r v a t i o n  o f  Wood and  
N i c h o l a s  i s  s im p ly  a  r e i t e r a t i o n  a n d  e x t e n s i o n  o f  t h e  p r i n ­
c i p l e  e x p r e s s e d  by P i c k a r d  a n d  K enyon ( P r o c .  Chem. S o c . ,  1 9 1 3 ,  
2 9 6 ) ,  v i z . ,  " T h i s  m e th o d  o f  p l o t t i n g  ( i n  some c a s e s  a t  l e a s t )  
a p p e a r s  t o  a f f o r d  a  m eans by  w h ich  a  d e r i v a t i v e  d i f f e r i n g  i n  
s i g n  f ro m  t h a t  o f  t h e  o p t i c a l l y  a c t i v e  p a r e n t  s u b s t a n c e  can  
b e  p r o p e r l y  d e s i g n a t e d  "d" o r  " 1 “ a n d  a l s o  a  m eans o f  d e t e r ­
m in in g  w h e th e r  a  c h a n g e  i n  c o n f i g u r a t i o n  h a s  t a k e n  p l a c e  i n  
t h e  f o r m a t i o n  o f  a  d e r i v a t i v e . "  The e x t e n s i o n  c o n s i s t s  
i n  a p p l y i n g  t h e  c r i t e r i o n  t o  a l l  a c t i v e  compounds w i t h o u t  r e ­
g a r d  t o  t h e i r  c h e m ic a l  l i n e a g e .
I n  c o n s i d e r i n g  w h e t h e r  o r  n o t  t h i s  e x t e n s i o n  i s  
j u s t i f i e d ,  t h e  m e a n in g  o f  t h e  t e r m  " c o n f i g u r a t i o n "  i s  i n v o l v e d ,  
f o r  i f  c o n f i g u r a t i o n  r e f e r s  t o  t h e  r e l a t i v e  d i s p o s i t i o n  o f  
a to m s  o r  g r o u p s  i n  s p a c e  a r o u n d  a  c e n t r a l  c a rb o n  a tom  a c c o r d ­
i n g  to  t h e  v a n  11 H o f f  sc h e m e ,  t h e n  c o n f i g u r a t i o n s  a r e  o n ly  
c o m p a ra b le  when a t  l e a s t  t h r e e  o f  t h e  a to m s  o r  g r o u p s  a r e  
t h e  same i n  e a c h  o f  t h e  s y s te m s  t o  be  co m p a re d .  Thus
t o  s a y  t h a t  t h e  s y s te m s
-6 9 -
a  a
I
- d  ; b —e —y
C X
h a v e  s i m i l a r  o r  d i s s i m i l a r  c o n f i g u r a t i o n s  i s  m e a n i n g l e s s  
s i n c e  t h e r e  i s  no a d e q u a t e  b a s i s  o f  c o m p a r i s o n .  M ore­
o v e r ,  i t  i s  q u i t e  a  l e g i t i m a t e  o b j e c t i o n  t h a t  t h e  r o t a t i o n  
r e l a t i o n s h i p s  e s t a b l i s h e d  by C lough  i n  s y s te m s  a ,  b ,  c ,  d ,  C 
a n d  a ,  b ,  c ,  x ,  C a r e  t o o  r e s t r i c t e d  t o  a l l o w  o f  any  com­
p r e h e n s i v e  g e n e r a l i s a t i o n .
Two e x p e r i m e n t a l  e x a m p le s *  may b e  q u o te d  i n  i l l ­
u s t r a t i o n  o f  t h e  ab o v e  p o i n t s .  The f i r s t  (Levfene an d  
M a r k e r ,  J .  B i o l .  C hem ., 1 9 3 1 ,  7 7 )  shows t h a t  s t a r t i n g  from  
two c a rb o x y  a c i d s  (A a n d  B) w h ic h  a r e  m i r r o r  im ag es  e x c e p t  
t h a t  one p o s s e s s e s  a  C2H5 g ro u p  i n  p l a c e  o f  C3H7 g r o u p ,  t h e  
same h y d r o c a r b o n  (c) r e s u l t s  f ro m  a  s e r i e s  o f  r e a c t i o n s  i n ­
v o l v i n g  o n ly  t h e  c a rb o x y  g ro u p  i n d i r e c t l y  a t t a c h e d  t o  t h e  
a s y m m e tr ic  c a rb o n  a n d  t h e r e f o r e  n o t  l i k e l y  t o  b e  a c c o m p a n ie d  
by  W alden I n v e r s i o n .
* I  am i n d e b t e d  t o  D r .  C. B u ch an an  f o r  t h e s e  r e f e r e n c e s .
c2h 5 gh2 cooh HOOG CH2 C 3 H 7
B,
Now, i f  A an d  B a r e  t o  b e  c o n s i d e r e d  a s  con^- 
f i g u r a t i v e l y  d i s s i m i l a r ,  C on t h e  same b a s i s  o f  c o m p a r iso n  
may h a v e  e i t h e r  t h e  c o n f i g u r a t i o n  o f  A o r  t h e  c o n f i g u r a t i o n  
o f  B.
The s e c o n d  exam p le  (due t o  F i s c h e r  an d  B r a u n s ,
C f .  Cohen*s O r g a n ic  C h e m i s t r y . 5 th  E d . ,  P a r t  I I ,  p . 205) may 
b e  q u o te d  w i t h o u t  f u r t h e r  a m p l i f i c a t i o n ; -
I s o p r o p y l  m a lo n a m in ie  a c i d 1 I s o p r o p y l  m a lo n a m in ie  a c i d
H ^ C 0NH2 
G
/  \
C3H7 COOH
H G0NH2
\  /
C3H7 COOCH3
H
>
/  \
G3H7 G0NH2
H COOH
C3H7 COOCH3
COOH
G
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I n  f a i r n e s s  t o  Wood an d  N i c h o l a s ,  h o w e v e r ,  i t  
m u s t  he m e n t io n e d  t h a t  t h e y  c o n s i d e r  c o n f i g u r a t i o n  t o  he 
i n  some way c o n n e c te d  w i t h  m o l e c u l a r  v i b r a t i o n ,  b u t  a s  
w i l l  b e  s e e n  t h i s  i n v o l v e s  a  r e d e f i n i t i o n  o f  t h e  t e rm  
w h ic h  th e y  n e i t h e r  e x p r e s s  n o r  j u s t i f y ,  and  i n  any  c a s e  
t h e i r  a rg u m e n t  i s  b a s e d  upon  d e d u c t i o n s  made from  t h e  w ork 
o f  C lo u g h .  A t p r e s e n t ,  t h e r e f o r e ,  w i t h o u t  d i s m i s s i n g
t h e  p o s s i b i l i t y  o f  a  g e n e r a l  r e l a t i o n s h i p  b e tw e e n  c o n ­
f i g u r a t i o n  an d  r o t a t i o n a l  b e h a v i o u r ,  t h e r e  i s  an  a p p a r e n t  
n e e d  f o r  c a r e  w i t h  r e g a r d  t o  t h e  d e f i n i t i o n  o f  t e r m s  em ployed  
an d  f o r  f u r t h e r  r e s e a r c h  o f  a  m ore e x t e n s i v e  n a t u r e  b e f o r e  
t h e  q u e s t i o n  can  b e  d e f i n i t e l y  s e t t l e d .
I n  c o n c l u d i n g  t h e  a c c o u n t  o f  t h i s  i n v e s t i g a t i o n  
i n  t h e  cam phor s e r i e s ,  no c l a im  i s  made t o  a n y  d e g r e e  o f  
f i n a l i t y  i n  any  one d e p a r t m e n t ;  c e r t a i n  i n f e r e n c e s  h a v e  
b e e n  draw n a n d  s u g g e s t i o n s  made w h ere  f a c t s  a p p e a r e d  t o  
p e r m i t ,  b u t  i t  i s  r e c o g n i s e d  t h a t  a  s t i l l  m ore  e x t e n s i v e  
s u r v e y  o f  t h e  f i e l d  i s  d e s i r a b l e .  On t h e  o t h e r  h a n d ,  i n
t h e  o p t i c a l  a c t i v i t y  s e c t i o n s  f a c t o r s  su c h  a s  s o l v e n t  and  
t e m p e r a t u r e ,  h i t h e r t o  d i s r e g a r d e d ,  h a v e  b e e n  t a k e n  i n t o  
a c c o u n t  an d  t o  some e x t e n t  c o r r e l a t e d ,  a n d  i n c i d e n t a l l y  t h e  
u s e f u l n e s s  o f  c o n c e n t r a t e d  a n d  a q u e o u s  s u l p h u r i c  a c i d  i n  
d e p r e s s i n g  t h e  r o t a t i o n  o f  t h i s  c l a s s  o f  com pounds h a s
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r e c e i v e d  a  p r o p e r  e m p h a s is .  I t  i s  s u b m i t t e d ,  t h e r e f o r e ,  
t h a t  a  p r o g r e s s i v e  s t e p  h a s  b e e n  t a k e n  an d  t h a t  t h e  i n c r e a s e d  
i n f o r m a t i o n  r e s u l t i n g  may p r o v i d e  f r e s h  s t a r t i n g  p o i n t s  and  
d i r e c t i o n s  t o  f u t u r e  r e s e a r c h .
